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CHAPTER I 


INTRODUCTION 


The wPreblen, ite Nature and Significance 


The study of the development of motor behaviours has been 
Sesreniieant area of research Lbrougnout the Lash century. 
Whether the concern has been with basic human motor behaviours 
suciwas ocomoulon Or prenension or wily culuureal tl y-normative 
mowor skills such a5 cavehning or throwing, the questions of 
how and when motor development occurs have evoked a large body 
Or rescaren. Ine large majority of carly suudies roOcussed on 
bie vaevelopmental Schedule or sequences for the acquisition of 
movtor behaviours. Im addition they often provided detailed 
descripuvons Of Ue Immature TOrms Of those behaviours as tney 
progressed toward some mature form of functioning (Gesell and 
imateudas \9y75 siiirley., 1934). The results of this research 
are the well known developmental scales wherein the development 
Of any Dumber Ot Mouor Pauverns are described in vermis of star 
@es, Cach stage being achieved within some typical age range by 
the non-handicapped child. While such scales perform an admira- 
bite sourpose) in allowing clinicians Go study the development oF 
Sivyepamuichl lar se@ild ineirelaquon TO Tne norm, they sprovyite 1 abe 
Pho Mii GOriat OM ac YOR bmenpOssi bic exe teice Ot more ssulus cs 
but significant developmental trends within the achievement of 
Mavure Mover tuMcupOndae.. (his biesie will seoncerm Giusel wau 
the existence of such developmental trends. Ghildren aged 3, 
Jagd s5 and an aoul@ wroup will be tested on a eraspine tack 


witch will facilitate the precise measurement of grasping fore- 
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es, thus enabling the study and comparison of one aspect of 
prehensive, performance. he suudy is cross-sectional in de- 
Sign and developmental in nature. 
The hesearch Problem and Questions 

Little data is available concerning improvements in the 
quality of performance within the development and production of 
genotypic molLor Skills such as prehension. This difficulty was 
perhaps best stated by Shirley (1963) who recognized that 


1 2 BS 


"there is a great difference between ability to do and excel- 
jing im the doing of Motor acts. Ihe movcor sequence takes into 
accoune Only Une Tormer .. ib te nou concerned with the proii= 
cremcy wich waieh they perrormee cach acu." Weime tne develoo- 
Ment Ol ~Orehcision wo wllvustrate, 1 has beech vhoughs thay Dy 
DiewaecuOu 12 Wontia Children, are capable or virtually adult 
evel prehensive skill as tmey have now achieved the adult form 
of prehension, the "pincer grasp" (Twitchell, 1965). Halverson 
(1932, p. 61) perhaps the most prolific of the early researchers 
dealing wivh prehension suaved that “ian accuracy of reaching and 
in precision of grasping, infants of 60 weeks rank almost on 
equal terms with adults im prehension of objects of resular 

bor and Of average Sizes" Whrotner or nol this is andeed whe 
ease 1s open to question as Halverson had mo.objective meane 
Wood Wael tO measure the "precision of graspine” of tune intanis 
he studied. The first question with which this study wail avu- 
vempu oo deal then comes 1nve view: ls “here or a5 there mou an 
achievement of adult level precision of grasping in young chil- 


Gren.) Precision Of graspine will be measured im terms of Ghe 
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force of grasp displayed in normal prehension. The quality of 
grasping will be measured by the appropriateness of the force 
applied, with the standard of quality established by the adult 
Sactsolec 

Mysccond perspective trom which to View this problem Hs 
that of developmental motor learning. The concern here is with 
Ube acuual process of Movor development and if this process can 
bewbetter understood by examining a basic motor Ghali such as 
prehension. Questions of this mature have typically dealt 
Wit whe acquisition of scubiurally-normative motor skidie; and 
es a result, livtvle anrormation ts available as to the develop- 
Menie wie still ss suchas Mretension pary Trom tne previoiel y 
mentioned developmental scales. As Connolly (1972) notes 
"Outside the context of developmental diagnosis by the estab- 
Piehment of cevelopmenval norms,» Jritle work has been done “on 
the omcoreny of Rand usace ini man. This is mot surprising as 
observational scales of motor development only provide) infor= 
mation! on theraeve-appropriateness Oia pariuicular chatd's pe- 
haviour. (simply observing movor Dehaviour does nou provide 
SUlrtLeteny Inhormla tLom voumrace: tne evelopment OF gualities 
Wim «tia wibehavyiour. — Perhaps more amporvanvly lime: great 
developmental studies preceded the recent surge of interest in 
the processes of skill acquisition and motor development. Only 
within the last two decades have researchers begun attempts to 
view motor development in the light of the knowledge. acquired 
regarding the acquisition of motor skills. The works of Bower 
(19775 Connolly (1979) and Wade, (1975) are examples of recent 
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A further point of conflict in combining these two aspects 
of study is that the earlier research dealing with develop- 
mental patterns was decidedly maturational in perspective 
wihidke MGOnme recent research Concerned wath skill acquisition is 
baetcavly cnvironmentalictu, in Mature. The former was dedicated 
to chronicling the genetic unfolding of predetermined sequences, 
Cie wlatter concerned Wit tie E€rrects Of practice, Avven oon, 
memory and psychosocial variables. Recently, Lerner (1976) has 
provided an interactionist perspective that integrates these 
LW pOSbuLons.  Ihis compromise postticn allows both bodies of 
knowledge to be considered in the context of developmental 
Stouaies. We are unentled to the Second question comsidered py 
POusmoulcy +s Are theres variations in tne preciseness 1 2rasp— 
iae thaw mighty indicate developmental diiterences between chil -— 
dren and "aqdulus apart from the aenvevement of torm?’ That is, 
Poute duelilouy Of eracpine between children and adulus suiti— 
CUctiiwey WdiriLerenl, wo rndicaue Gevelopmenval Girterences in tie 
Guiality or MoOuOr COnurol., sine indice Of quali yy gexamined im 
bhis study will be thal of sraspinge force. 

The two questions may then be posed side by side. Are 
there differences in the guality of grasping between children 
Ho dirferent age groups, and adults; and 12f such difterences do 
indeed exist can they be viewed as indicators of developmental 
Grenada im the prodwetvon and control Of Mover skills? 

These questions cannot be adequately addressed outside of 
some theoretical framework. Unfortunately at this time, no 


satisfactory theories of human motor development are established 
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Fo provide that framework. For that reason the perspective 
Peon whieh this thesis isi wripven within will be outlined. This 
should not be construed as an attempt to create a universally 
eccepoable theory Of mMouor development. Rather at is an attenps 
Oo DROVIde a Context surrictent for the needs of Laas inquiry. 
Theoretical Perspective - Developmental Human Motor Performance 

Guestions Concerning beginnings are amome the most diffi — 
Culu with which scientific endeavors must contend. The study 
of human motor development is no different. Although exhaus- 
tively documented accounts of the sequence of motor development 
exist (Dewey, 1935) relatively scant attention has been paid to 
the processes which drive and initiate that development (Wade, 
1974). The result has been a situation wherein a large body of 
Obeervatronal data thoats within a2 theorepical void. tn order 
VOMGeCoIIy iia CircumMmsvance,. 20 tS evident Ghat auvenuloen muss 
be directed toward gaining an understanding of the determinants 
Of Mover development (Scarr-calapetek, 1976). Traditionally 
Q@ieceglous OL Unis Dabure Have Deen approached Prom civher ©f awo 
firmly enorenched perspectives, Mavlratvonal or environmental 
(Spalding, 1875). As previously noted more recent theoretical 
pesitmons allow developmeny vo be viewed ac une producy of 4 
dynamic interaction between an individual's environment and 
genetic inheritance. Within this theoretical context a more 
satisfactory model of human motor development.can be constructed, 
and i ue Wibhin this context that this tbesis 2s wrigven. 

The MunMen Intanu 16 Dorm) possessing two Significant endow- 
ments, both of which are dependent upon a suitable environment 


for their fulfillment, the achievement of volitional movement. 
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These endowments, reflex movements and the drive to reduce 
UAceLualiuy Will be dieenssed Gn Lorn, 

On owe hand, the ¢Chitdvis born with a set ot rerlex motor 
behaviours which could be viewed as precursors of movements 
@scential to survival (Bruner, 19735 MeCraw, 1932; Twitchell, 
1975a). The human infant "comes into the world with a complex 
set of Pretlexive units’ in virtually every area of his physiole=- 
ercal constitution (Zelanzo, 19/76a). SReferred te ac ithe "hes 
Teditary equipment" of the child by Piaeet (1963) these tehav— 
1Ours are Meaningless outside of an appropriate environmental 
situation and of no consequence without subsequent usage. 
Connolly (1972), for example, has noved that the development of 
prenensicon “rs based upon the retlex substrates witch develop 
apewcianee CUrIN? “ire Lirowmonuns o2 lire.) SS iwitener’ (4977515) 
Observed what “each suage in uhe evoluvion Of une auLomarvic 
Pracgvineg Meactions Ls associaved Wil ani increasingly Comolex 
form of volitional grasping." McDonnel (1979) however has ob- 
Served that 1b 2s an Oversimplitication to Stave thay volunvary 
benav2ours,. particularily reaching dnd grasping, are simple ma- 
Pre nC On pic eat yc OM mio hod exon e Somos On Omi ML ives rel lees. 
be should be made quite clear” that the a2mportance of retilex 
mMovemenus 16 that they provide an inivial basis for whe céevelop- 
meno of movement skille which are both genotypic and culvurally 
Tequbeite, “The aciGel™ retiex should now be viewed as a move- 
ment requiring only intention to become an established voluntary 
behaviour. Indeed the evolutionary origins of the grasping 
Peflex for example, perhaps More properly reterred Go as the 


grasping-hanging reflex, bear little resemblance to the motor 
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behaviours to which they are now adapted (Langworthy, 1932). 
While possivly orce necessary for the comtinuing physical sur- 
Vival or the newborn (ase the reflex allowed the mother to be 
grasped for transport, feeding and protection) the same reflex 
possibly now provides the initial movement experiences which 
assist in the development of voluntary prehensive behaviours 
which typify the normally functioning, mature human. To create 
am analogy, reflexes should mot be viewed as complete sets of 
elounbing walting only to be worn but rather as bolts of clown 
Ero which appropriate garments Can be fashioned: While per- 
Maps OVerextciGing bie anelosy Pu 2S Cvident Unat @ sreaw deal 
of time and practice will be necessary before perfectly fitting 
apparel can be produced. 

On tne iother hand au appears that wie normally funmcirdming 
human intany ie born possessing both the drive “and wie cCapacivy 
FOreomyre problems, Of, worded ditierently, vo Tredquce Unceryain= 
iyor contilich wiwniw mis envaronnent (ligsapi, 1969). Wias 
then is the child's second endowment. An initial drive to solve 
problems is evident in Papousek's (1969) work where he observed 
the apparent pleasure and satisfaction derived from problem- 
solyine enone infants. “he moves thay "it “appeared as if some 
MOuLvauLon Ovner than hunger was involved— ‘some demand vo res-— 
pono correctly or GO solve a proplem. |“ iaiik (1973) argues as 
well that “cognitive achievement is pleasurable” for the in- 
Hane Hume (1969) sugeeste “that there ae Va Sysvem of movive- 
t1om t2oheren: in Gnformavron processing and acoion." mlavell 
(O77) refers to this drive as a “natural Dent!’ “2. “vo make 


use of the cognitive instruments that the species evolution and 
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idivudval sodevelopment shave provided." Nunnally (1972) -sue- 
gests that information conflict, or simply a problem "triggers 
a tropism, the eoal which is the resolution of the information 
comiitet by one method as well." Berlyne (1966) susesests that 
Veontlicting elements or requirements often characterize the 
'problems!' that start us off inquiring or experimenting or 
thinking." Por example; Kagan (1970) comments that "the infant 
reGpredisposed YO atuend bo events that possecs a hieh rave of 
eliangeui) their phyci cal characteristics. (Stinuhi teat pos- 
Sess Pughu-dark Conurasy Mare Most likely to attract and hold a 
newborn's attention." Perhaps pertinent as well are theories 
ero kay ewinwen describes playgas uwe SxplerauLon, sinvestica tion 
and ianipulabion ot —LHe senyironnent, Which in wurn produces 

Sr oWSie aiveractions at a spleasurable Weve! (Ellis, 1971). 
Peometelis | perspective play 2s basically 42 1orm through wareh 
EOSpeoduce Uncertainty Within the environmeny, the resolution 
Cievnicn we pleasurantc pels Hers, Judsenn (1980) hacestated, ‘lay 
Mee oseran ins LS CUrhOguGyey. the Oy el Tacuniie 2D OUls ww. 
[ne oicrartent son ey eryecit id.) 

These then are two major endowments given to the child 
amwedeipoh exXaminatvlon, they appear lO be Sisnificant Tacivors in 
Hoe Mehl! spsuboappreiuTecesi pai namoOul0r developmen, albern 
dependent largely on the supportive limits of the child's en- 
vironment. It would seem reasonable to assume that environ- 
ienvealesabuaLLone Wercimal how bme Cxeredee Of GieBencapaciiuncs 
wall facilitate the development of instrumental motor behaviours. 


Recent research by Zelazo (1972) would seem to support this as- 


oe a a <thewes® a pana 

7 . 7 ee _ a « - - 
nian} Me | ves : el fviaev 2 ae oe , 
Sidten » out rag ene yt? Bet 


an ated eei08 gapeeesivr> ve nedeepele gx. ite 
96 Nelinacl*eser +0 gotedoges “ie +. {oe%e 0g) SeenteR 
Jegyad ois® AM ofueqgee TONEt) | souaa uieoqune. 4. Magadan 
% ato4 pts SB @etesmey GA4D Gicw* «ff -20le oF boroylionn & 
=e6e, @asd ai cuclst ven) Puls. ertnis tos Segag ‘bed? of *h 


6. Bioh Bs. C0OreTe 62. Ysddse *u'iF O15 2" 05s Bee doeb-Sdg ll 


“dade ene 


, 
’ ' 


egdvon<s. eve df6e 28 Mini. bey P1018 nbeneese sated é 
miceppdiversi poutzepadged o€)) 26 \ es tacesh. dvidw yalgge 
SsouruTe asad Gh @2 Gs) «lw 2G “to 7 ao{2panaetise® i 


LOTTO). .ebLs) * Jevet e7Saiwhrese « PveteTal : 7NeeGem 


duty cgvesd? mot (ise geds 4! « bipearzen “efi 
46230) 6089, 408 -) )banist{ vce LZ SB ost -¥009 
fe” shat ada OOS jth!) ohates ots! ciaereqgota of Avid 


sede BICARIMRS, Te VOloOct one Qi lancome Gl 8A 


Bi tesese ae Waiily et dGseqhe iL gs vrs nts Mae 
a eipsoeteermaliinpix, Gof useage Geil aigvacnice " 
Chetln .taeteGhere, Gated: (4.4 54 simgpspetde @'h} 
ae. BLRLINs G0016, 6590) Gxbh 85: Ciéxncel 

saa lyen £060 Ghveal b> Che sasiaes vouvy LI pww~ $72 
Stddedee vhdl/ Yu eoiccwee, qui! is «a tAw @eqerpbeds 40 
ne Fo PAT OaHO EM PEGs SE INS bie ond alas ianadl 
; aiepese O) SPOe RIGOW)IGT YN.) seein’. ug Sreyes 


hs tas 


_ 


7 


sumption. | 4ela20) Meports Thal une acuive Cxercising of placing 
and primary walking reflexes among infants led to both a greater 
quantity and quality of walking-like responses and most signi- 
Picantly to a substantially acceleraved onset of walking. In 
Seoence, Pracupce Ol a rerlex Precursor to volitional behaviour 
fed vorune Carlier onset of vollmtary control of that behaviour. 
2elazo notes that "walking movements produce spatial, visual 
qicmcimacounewiCc chances Tm une Iniany se world" sand taat “uhese 
AeScOMpanyines Sensory Chanees May Serveras Wie inhereny reward 
tiat Peinrorces walkine." The increased qualiuy Of the movement 
(ume exercise 2S evidence Orv ule caild's application of yoll- 
cHOnal “Control vO a previously retlexive response, even Though 
physically Unable to engage 1m the actual movement Unaissisted. 
A possibly relevant finding is reported by Freedman (1975) where 
Wesnotes tha a lack on Hower limb rerlexes and generally poor 
muscle: Gone among Navajo infanus corresponded with a celayed 
Onset or walking as Compared With Caucasian children. Uf an- 
terest as well 1896 Study py Waitte (1963)s 10° winch he reports 
that a deprived environmental situation (in terms of restricted 
motor activity) led to a marked delay in the onset of voluntary 
Feaching and eragoing.~ While vbhe evidence aceno, conclusive 10 
would appear that some degree of active exercising of reflex 
Dereclreors oO Specuecmmyplcal MoOv0r DenavlouT wis escem vlad om 
the normal development of voluntary motor control. 

What is being expressed behaviourally through either the 
acceleration or delay of development in relation to the environ- 


Mental Situation 16 the Comcepy of the norm or range of reaction. 
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Lerner (1976, p. 65) deseribes this eoncept as follows: 

POULT @enetyle Inheritance representc 4 range 

of potential outcomes, and the developmental 

outcome that eventually manifests itself will 

occur due to the interaction of the environ- 

ment Within this vance of genetic potential." 
In other words while we have genetically determined upper and 
lower limits, the actual behavioural outcome of development de- 
pends upon the interaction of the genotype and the environment 
Within whieh developments occurs. This would appear to be a sa- 


irl 
n 


tisfactory framework from which to view the findings of Freed- 
man, Whive and Zelazo. The genetic potential expressed botn in 
the production of reflex movement and as the drive to reduce 
Uicerlamihy,. tnberacy) Wit more or lees favorable exavironments 
UO produce tne more Or Less optimal “development: of voluntary 
Wewor Dehaviour.. 

lime development Of volationel Denavlour within this theo- 
Tretledl wt ramewerd results Marcely as a ecomsequence of tne dyna - 
Mic and interdependent interactions of two genetic endowments 
WHC @atn CxXPresslonm Garousl an appropriate environmen, Ine 
relavivye Strenetns of Unese endowments and the real-lite suate 
Of the environment wali serve to canalize tne developmeny of 
motor behaviour (Waddington, 1957). Reflex movements provide a 
wide gamut of potential information input to the child. Some of 
the consequences of those movements will be pleasant (or un- 
pleasant) and the child a6 then faced with the problem of repli - 
cating (or avoiding) that sensory state through a reproduction 
Gf tue rerlex movemenu. An alternate buy Not Opposing expres- 


Silom Of this sequence 1s that the reflex movements result an a 


great deal of potential information or uncertainty GGibeon, 1967), 
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and that the child is spurred to reduce that uncertainty, through 
Gie wvolWwbary replication wand wonurol sof that movement. Vim .ei- 
ther case 4 e8radual progression toward volitional control would 
be Jexpecved due to practice motivated by the drive to reduce or 
resolve uncertainty. 

Once volitional control of the motor behaviour has been 
established the progression would then follow some sequential 
path to the achievement of the adult level of that behaviour as 
dicuaGedoy UNE CU bume Lol Cone individual... “Im terme of eracp- 
ing this development would be from the unditferentiated res- 

Cen sewOt ule eras) Cemex Gmume Morecise.  ored beulLve -aracgp sol 
the adulu. his progression would mot only be one of the a- 
Chveveten, (0% SULT Orme DUG Of Sune 2ouaimmeny Of duly Guality. 
While these two aspects have been Jinked im the past, there is 
iceGREer dala eGo GUuDDOry Giks moblon au preéscib.  Wiilim wai 
bneOreuncal Tranework Such 2 procressi On Ma Germs of quality o7 
Seas welds as 201m som gars oma Josep ecmed . lite Key (ous 
Pomona b et Gls bie mau atmment tof some level of Skil owi vain any 
given form of that movement which will allow the progression to 
some more advanced skill form, for example from paliar erasp vo 


oe 


pincer grasp. Keogh (1977) makes a similar suggestion when he 
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Suaves wuhau Some Criumcoal ~level of movement Consi.suen cy Ces 
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able and appropriate movement skills) probably must be achieved 


before movement constancy (flexible movement responses to novel 


demands) can develop. 


he the infant learns to move intentionally whe soluuion of 


those relatively simple problems within the environment that 
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initially stimulated learning will be more readily achieved. 
However, it should be apparent that this achievement will allow 
an enuirely mew Series *of more difficult problems to be recog= 
nized, problems with which the child's present state of motor 
control 1s not capable of adequately dealing. The entire pro- 
cess would then begin again, but at°a hicher level of difficul— 
Cy, TeduLring™ the development, of ia higher Porm of the movement; 
euworenore ckilPedvlevel eresome already achieved! form. “ihe 
expectation Dien wouldy be a) sequential development of yvolun= 
tary mover Control, cach Sesment Of ane Series beinme progres= 
Savely more capable’ or responding ywolthe figher cornigive de- 
mands of the child. Such sequential development has been re- 
ported in the achievement of volitional prehension for example, 
by Gastuner (1933),° Halverson (1931) and’ Waive, Castle and Held 
(1964). 

IMSeAOLlOn,OL Segueitlally more, advanced movor developmeny 
in mesponse Lo the need to reduce uncervainny has strome simi= 
larrcves Wiuie tne Piaggerrane concep. Of Tnvrinsi cally motavatved 
circular reactions during the sensorimotor period (Brainerd, 
1978). Circular reactions are defined as any movement sequence 
"that tends to be repeated because the actions produce forms of 
Stimulation that leadeto the repetition of the actions" ( Brain- 
ero, 1976, pe 50). 8) Circular reactaongiare: UnoMe nt to,occum when 
the child is presented with a moderately familiar stimulus, yet 
Nnetes tami tareas Yo. DelUnimveres tang) Or sO: Uniamiliar a6. 10 sbe 
incomprehensible. 


This progression then is, to a large extent, dependent on 


“emt ce Mw ssh danldeny'd 
Paap a4 SHibabe ok ok 
yw iaeinyTe to beng) wey Spo lat 725¢en aiied Aace 6) ee 
»?dhor ves Bae te Gre" UGAess 6 4% oanet Coord en te whe 
eet _) never, theta ee: dk onthe “nee 


a 


sul Au Mipemoere- .° } Fel, .* lanun GOW! Gat? 
cd-tpe ty ieiia Pa ewes) 4 ¢) Ve 4 he ak AL 4640 aie VI see 
ag owlmiqges evdi. (: ‘gs walt: d4en.0c Doo gidedes eyeW @ 


wey OFtd OT TABPQs oA! ew: a iT) ati ee@e @eté =e 


s@lyenee 22° gulewetsie* ei fal 15 iio off C8 BE 
Rta Peele MO” < O" Ce Da i hoa 441) 9662008 
4 aby: 
SA Dorseu IAM, SEri4 , io? B44 ii.) an OSE 7 
=p ls pee Ss) AF4 DGG ata sy “prd'ae ime jt at Cp engeet 2m 
Boseverte Ve. Pwits bee 05%) 5 dy aie : Th iSies eelgs 7 


Sadness: irises , i. ‘uae sedmegte, 
eumeniee subhavediadsey tet T oy “¢ Ao ood plays . (exer, 
ee tee ee 2 ee 2 ee ee er | 
CHDGNE) bigs 89 OS Sz GaP ois 2 holmes 89 nei elomen 

nae Yeewe USF 0 es He | ay eT even & 
et seP Ouaise wealtas 20 MaDe ‘© twi-eewgee «f G0) eee 


bad a a Paatiis 7 iv od ilaese Seta: | 
- 


ime Pipe dang alt ee oh ) ee ee 
* 


ae : 


. 


a ee) est eaae 


af 


a2 


thie, tmerecesed Quality omiekulltul application sof ‘ach proceeding 
step in the motor sequence. Bruner (1973) suggests that such 
well-timed, sequenced and modulated behaviour might free "avail- 
able UniormauLlom processins capacity Tor further use in task 
analysis. | Consequently, additional informatiaon will be avail- 
pike Os tive: Cha lay Concern inee his, Cnivironmentalys stave, asi ie 

will be more able to attend to the object or result of interest 
(Kopp, 1974A). Thus, as the individual becomes more expert 
Wit eSsOmes Stato Om MOuOnle IevelopMciue ime ¢hiid walle be ao0le 
to process additional information about both the movements and 
their consequences rather than simply attending to the produc- 
LOR Ot. ure actual, desired movement, This addituonal antorna- 
DLoOm processing, capacity Couldsconcecivably be applied cmoward 
bebph ihe recognition and) the atvvempted movoric solumions of 
probiktems beyond the child's present behavioural répervoire 
(Hogan, 1975). In such a manner development would proceed. 
Within hiss Memived Capaciuy mode! Of iniormeation Srocessing 1U 
Me evraent that tie. moresapreniion & child is able vo focus on 
the consequences of the action rather than to the actual produc- 
buon Of hat actaon,- the more poventiial aniormation will be 
available to thatechuld= for Learning. 

While there are obvious beneficial spinoffs in terms of 
eogenitive development from skillful motor manipulations, it 
should be stressed thav for the antant the major benefau is) that 
exilled  pertormance Ol one movement. form facitlivavues the develop-— 
Meniworm CeTrrormancer ot a more advanced form. Mie amount of 


enannel capacity Or Buvention, required to periorm those moor 
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acts baste to normal funcbioning - postural, prehensive, loco- 
MOtive = al aeckill level gemandcsd or by society, will evenuudi- 
iy be -citecuively minimized, In the adult, these behaviours 
probably become automated to the point where they require little 
or NO, Gense1ous Attention in mwormal wse, thereby freeing auten-= 
tion for use in meeting other demands (Sage, 1977). ° These 


"automatic" behaviours are probably indicative of the estab- 


tishm@ent, Of Cognitive rules waich povern bnelr usage (Bower, 
1974), rules which have been developed from infancy by the 
Recooniyuom and recueculOom Om Ulcerualiny. Only whem we Semso- 
Ci Meotmecuemces "OL WiOoe MOmememis CON VCE Wilma Die expec ted 


OMECOmes, anLacipeaned from past experience wall conscious auven— 


tLOm TO une Movemeny De requszred. Tors conclusion 1s conerucnt 
with expectations derived from Schmidt's (1975) schema theory 
OLfemouor Learni me . 

Schmidt (1975, 1978) suggests that movements will become 
imercacinely precise a5 ume number and Varicuy Of previously 
aubempved, similar movemenus 1s anereased. This increase in 
preciciom will be due Go the greaver developmeny Of two Separate 


q 


Wwe recall echema allows the 


Sehemae, cecall and recosnivion. 
persormer LO GdelermMinie Of antgicipate an appropriave response 

paseu Of Intormat1on shored) trom pace cimular experiences. Ihe 
Pecooml pion schema allows gréeaver Precision ane error cormecyion 
as it generates an anticipated set of sensory consequences based 
On prior experience. Ihe more developed each Schema the more 

AcCursve will De Une Imire response and) une More precise wall 


be subsequent corrections. “In OUher words, varied practise at 
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some Stilij for example prehension, will facilitare “skilived 
motor behaviour when performing novel movements which incor- 
porate that-skill. Bower (1974) makes 4 similar suggestion 
WheneGiocwesing the Geveloument of the Catferenttaii1on Of motor 
Denavicur, »partaculariy sim regard 10) eras ping. 

Schmidt's concept of a motor schema then can be used to 
observe the development of skilled movement within some develop- 
ental torm Of the skill atsel?. In essence it-ereates a very 
cOneruent @ompletion of a developmental spiral that concludes 
with the adult level of skilled behaviour of some species nor- 
ative Mover Dehayiour. 
ounmary 

(bas soeesis Uilen Wii aboeipy Ue explore, wie possi bila oy 
Of Continued development Within prenension pas ohe achievement 
Gf tne pimeer grasp. This development will be studied Speciti - 
callyeiin Germs ON tRewTOrce Oteerasp which will pe cComsidered 
a prite Measure Of sbne Gvaliay of prenensi on.) The possible de= 
VelOopMenGeOneamoOre Precise erecping will be discussed in Germs 
of developmental human information processing theory as outlined 
inv ihe theoretical perspecuive, of this thesis. 

Hypotheses 
Hypotheses tor this thesis are as follows: 
1. that tae temporal organization or Timmins OF 
Hae eraspe response in vermsot force applica- 
fon Wii be similar for all-ase sroups peeved. 
eo thay MOresskKill ed periormance, measured oy 
reduced grasping forces will be evident among 


the older test erewpe:. 
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that the older “subjects will exhibit: esreater 
Securacy Um pred Gilling whe reduared erasping 


Domced —oOLrowmureetme ini cial triad. 


Assumptions 


ic 


Tt is assumed that the results of the samples 
Ueeved ret keer the populations which they 
were "Ghosen Lo represent. 

Iv is assumed that no nidden neurological 
probléms were present in the subjects which 
tay wave lnhiienicedy tierr mouer behaviour. 
IG is assumed that the tTesu sivwuarion mea- 
sured as normal a behaviour in as normal a 
s_tueuLon as possi ple Vand thay the results 
accurately reflect cach subject's normal 
beveD or Tumeciouine < 

IG 2s assumed chav succesistul complevion 

OF the task reflected an accurate under- 
standing of the task demands. 

ie toe eeocUmeC rae OVesIe ane Ole2 years 
that adult-qualioy prehension has been fully 
HeMLe vod. 

it is sassumed Vinal inercasame apc wile 
correlate with an increased amount and 


Varmeuy On Cee mimo me xperLenlces. 


Delini taba onms 


Die vo the avarlantlivy and selecvlon Of Supjectse, the wee 


of volunteer subjects and the cross-sectional design employed, 


the following delimitations must be applied to this study. 
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The Tesulis car only De Ssuriculy epplived GO 
caucasian males of middle class socioeco- 
homie packerounds. 

Pe use. Of volunceers 1rom an educayional 
symnastic program may bias the results in 
favour of a more Skilled than normal perfor-= 


mance. 
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Due Go 2 (Comerctenn tealiure Oy ca sa ein iican: 
MUMOCr Oi “Cie wyeumecie ys VeeCuSs VO erasp Tae 
smaller of tHe two Lest Objecise al its centre, 
resuLes ©rOM Unis wprece Of Equi pmeny are nov 
iocluded. caso ea eDule Sueat VObwecC lu Near 

elvuher Of Duswencdse ted b0 CiseGorued readings 
which were not admissable data. (See Appendix A) 
Intervals between test trials could only ap- 
PrOviMave: Picmiest red ay lmlcCo 8) Paeruicul ar ia 
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felt ulau a relaxed and co-operative Subiecy 
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CHAPTER (1 


REVIEW OF LITERATURE 


Craspine Dehavioune Nave Mone Deca ma ormearea Ol Tivercet 
COrGdeve Opmtiemval psyenologists. Iv 1s perhaps die TO vite 
Unmememess CL Ute Mand acea Denavioural exprecs ion Of ule in- 
Gellyrsence Ol ule Numan svectess Unal suckh, arcurons Concern “has 
been maintained. Prom 1633 when Bell referred vo uhe hand as 
"Une ready instrument OT Tie Mind” une vnand Ss. capacivy LO 
TUM TOM nly  Cenmonebra ve. ie ime lisence  Waat COlLmo ls: ty. Mes 
hase€inaved science. Neb surprisineily nerecau Weal) ol auvenyion 
has Deen Parad vO the Geveloumeny Of the Movemens Characveric-— 
tes om the hand ealnose Mmcom Comeepuion tO Mawirity. The con— 
Uitte anberacyvOns, Debween. ume evel opine invellecn anid hire 
IAcreasineg COMpPLexLiy OF Mand Tunevlon Nave mou been as exhiais— 
tively studied Cveietioughm the hand's Use as 4 manipulacive and 
explorative Tool makes the Importance OL Such Mnveraciions au 
Reasm@emUu Viel a0 peiGeiU ws Li Wie. Teva rd amelie ya list ule 
resesccm has beech Carried wuUy to discover tune development O11 
CiewenorCcipanOny snd rediculve ao UccUsen On Dremencmwon Qualiples 
WiC h TeUbtvasemoOnmstrawencwanees dil Mme accuracy On wine clair ic 
Perceny On On ule world -ss lwo. such quali Gres On sorehensi on aire 
readily apparenu, wWiat Yor S226 02 sracp 2nd whaulol DOrce OL 
eraco. Of ubece UWor time Peasy siudied and whe Goce OL bins 
bnesie 18 the developmeny Of aniticipavory grasping behaviours. 
Mie we reseecev cl OpMenba es eQuence Oly vite ual ia sac ey demu: 
from the forceful, undifferentiated response of the newborn to 
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data is available on the actual progression and development of 
Litvseskinl eS SUurprRisimesinethan & preatvdeal “of Gnhermation would 
appear to be contained within this development, information 
dealing with the child's development of the object concept, 
Conserve tlon Ol Welehij wie Use and accuracy of kKinesuhevic 
Peecback, Une integration of visual and kinesthetic sensory 
modalities as well as images of achievement in an information 
processing sense (Bower, 1976; Connolly, 1979). For by simply 
Contrasbing whe Uwo extremes of adult and infant behaviour in 
Bets POLVaND LCI paLOny rasp Pressures Ute evident Lhay the 
Precision of the adult 1S dué to an accurate imare of achieve- 
ment formed from precise visual judgements coupled with an es- 
tabliched kinesthetic memory, all within a2 conceptual trame-— 
wore “Gita t salikowe decisvows based ona knowledge of the physical 
laws of the environment. As Bernstein (1967 p. 119) has ob- 
Served, 

"Over the course of ontogenesis each encoun- 

Ger ©f a Ppartd cular andivacdual witiw wae 

Surrounding enviroOnmens with Conditions 

requiring the Ssoluvion Of a movor problem 

results in a development (sometimes a very 

Valuable Ome) am tus mervous syeuem oF 

iacreasing ly srelvaple and) aceurave ob-— 

jective Reprecsentaulon. Of Une eCxLermal 

world, boUn inv terms Of the perception and 

comprehension anvolved in Meeting Che sabua— 

THON, and Ine Germs sor proj ecuine and con- 

Proline Une MeaiisadvLon Ol Tie Mor emetna vacde— 

Quate to the situation. Hach meaningiul motor 

divecuiuve Gemandemirou en ar bai rari by coded, 

but an objective, quantitative and quali- 

bAavively eRel mele siepresen ua Lon. Olmuhc 

SULCTOUNCI Teeny rOonmenl in pie) bradn.! 


hes ceview of daterature will be concerned with several 


SLitbiead aspects gsovernime the development of highly skilled 
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Direreneaye behaviours. he mistorical origins of the study of 
grasping will first be examined. From this point the progres- 
Slo  Erom Wetlexive Go VolloLonal eracpaine benavieuce will pe 
brenligiued. Uhose areas Of Numan WolLor Humerienime yital co 
Wits development, channel capacity, atventional demands and 
anticipation, as well as the schema or schemata will then be 
euvlined. WPinally research related to this study will be re- 
POE Ted. 

Historical Overview 

During the latter part of the 19th century a tremendous 
fascination with human development was spawned. Research of an 
observational nature was the accepted procedure and by far the 
MOG DOOULar GUD VeCuS DO Study Were wine Cauldren 6c .blne mecearen-— 
er. While numerous studies Were Carried OuG, two im particular, 
one by Wilhelm Preyer (1881), the other by Bernard Perez (1885), 
arerOLeparulculayg nverest . 

Preyer began his Cescripulon Of ule Cevelopment Or eracp— 
ing, (or seizing as he referred to it), with the statement that: 
"Of all movements of the infant in the first half-year, no one 
Be OL er eaver sigiilti cance tor tus menveale devevoumeny hhan vare 
the seizing movements." (1331, 0. 241) Inte Comceot has been 
echoed With Varying degrees Of emphasis by numerous psycholo- 
Cisiemerer mi mco. . Eh ever arson iOucd Tle diowsacy FOnmDeuwecn  uile 
grasp Perlex aid PUrpOsd ye gracping Observing whau Vibe first 
Pras oing a OojeCos, With Manitess desire vo have unem" was 
tice pemeade by his Son auesevciucen wees. (Neeru Og 2g Ini 


Meseriped Ute gradual dceline in) predomimance of une Tel lex in 
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GOUIUNCLLONIWIUN Ule TisesoOr inbenticonal behaviour, in partacu- 
lee eye-hand coordinations. He strongly associated developing 
intentional behaviours with previously reflexive movements, 
stressing the gradual, non stage-like development of grasping. 
Preyer unen made the following attempt to explain thé process 
by which this motor development occurred. 


"Of the many thousand nerve-fibers and 
muscle-fibers that must come into harmo- 
HICUS=ACliViltnve 1 MOrdecr Uiatmeuchma moye= 
ment May sake place, the ehila knows 
neovhine, Duty he directo= already vane whole 
neuromuscular mechantem wick bas will, whieh 
Wacmeotecmaled mone Cosme. NP CiMOmemlo is capa 
DiC Or Ulisse Sensuous se uImulue toe) Suerus 
the Seizing movements must have been re- 
peated many hundreds Of times, So that as 
oné and the same sénsavion often returned, 
an agreeable feeling arose, &@ Percepuion au 
fiPSsieticisuinches Ulenweradually mage and 
more distincy, and tanaliy anerdea or the 
ObvecChivity Om whe whinge seizable could pe 
DOrmed., (Ssecomd 7, Une MOvemMeny on Ute arm, 
ens Oy ew sOSmOre mesa Wellies aim ers ba mui, 
iow Cineecrede HO ue MOULn Or pie lace, mu au 
have been very often repeated before it came 
We COMNOMONNTSSS aso, Ieewoms Ein aclse) oe aly, 
Gould Dey LTormed, sbecauce Ine une bercinnine 

SG, WES) long (OIC Cee Ele ee love winlekes “@laslely, 
Wire = Owe Ver, ne *eSoited, Ob focus roprme— 
Senved in adea, and Ute Movemeny OL Yle arm Tis 
Peprescivcd, Glew Gapnad Succes clOm Ore poun 
Fepresentavions Favours Dheir union, which 
OEM INES SGnRO, Laie ey Wake) ANEW or ain 1 abe ee 


Duwi OLOer™ YOuecxeCuLe a cimple olumgisary 
NOvVeNchtus SUCIMes reac ius Vamwenr tO DeCcue, 
SIMmplarwMovenen ie MUSUM haves Deceit e mecu Ted 
TAvCIMmtari lye becaiice Only "hirouen  uimoce 
Can MUScular=eGensallons OL sensat ols OL 
innervations be developed. These are, how- 
ever, Necessary pioneers Tore une volunvar 
Moor Imomlees sce... (1864 ,) D6.) 253-255). 


The sequence susegesved by Preyer Gnen Was Una repetivion 
Ch Ghe eraspaing reiilex allowed the gradual development or volun— 


tary erasping. Jhis occurred as movement experiences provided 
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the child boul with anformatzon as to how to move as well asc 
with information about those objects within his environment. 
Preyer 2lso hinted at a Morlvatine force for this development 
when he observed that "a new sort of pleasurable feeling, in 
woreh an intellectual element already mingles, appears when 

the ehild begins to produce some change, especially of form, 
tirough His own activiny' 22... wholly new scenes of enjoyment 
Sree ciuered UpOn With the first, Ssuccesctul acvempts av ¢rasping 
ebjects." (1881, pp. 142-123) Here then as the suggestion of 
an intellectual pleasure derived from the manipulation of the 
environment throvgh movement, a pleasure which could serve as a 
motivation for continued development. 

Many of Preyer's thoughts have been echoed in the decades 
HOLS DUDE RCe poms Ua wparti cular lie Motion O1 “thie 
eradual subsumption of the grasping reflex into voluntary move- 
Menpe has been ofl repeaved. “Or Amportance GO move as well 
however, is his stress on the importance of intentionality, the 
Concept of the need for a mental representation of the movemenc, 
Parvicilariy novel movements and Nws Strons asseciavion of cog— 
hiotye pleasure Werived Tirougm VOlitioneal, exploravory acuivi— 
peer 

A second 19th century psychologist whose work is well wor- 
thy of Mention Within This contvexu. was’ Bernard Perez (1885). He 
too noted the gradual change from reflex to voluntary grasping 
but placed a greater emphasis. on what-he felt was a strong evo- 
iutienary association perween the two states. He remarked that 


"...we may also reasonably regard them (reflexes) as the effect 
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of latent tendencies eager to manifest themselves by specialized 
NOyveWents: “and moreover the result is facilivated by ulese 


(reflex) movements, Ghough wimey may have mo detini te aim, 


(Nee 5,erp. “1/8 Perez aleo stressed the importance of intention 
in voluntary movement but placed a greater emphasis on the cog- 
hitive pleasure gained from intentional movement as a motivating 
Porce. —e states that "1 am even inclined to believe that some- 
Diane akin wO pride - vo Ghe exultany feeling of a ditriculLy 
@onquered, - has been awakened im him.” (1885, 0. 14) Perez 
ausou observed uhav Mavurauion "om bouh une nervous and musculo- 
Skeletal cysteme play a) limiuine roles tie development Of 
Sass Op mots Wei Ulett ELCuULI wes MPOsccU Oy nie rapid 

EMO toga Cai alae Cle seikel “alin imeiiis Oi wei lene Omen or) yakigiell olay taborr IL 
environment. As mdi caged In Une following Suavement Wwe melt 
Wilaiea uel development On wekas ping DProsressed Til Minuue svages 
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and probe lenecy Nac lechwaULatied. 


WAS tor the hand, the human organ par excel- 
Pence, Utes va teon OU tuo DROSmeos Ole cces— 
Suv ecCape lems Nay ele On sel Once ry er ac 
Fem Nuk oe vO mr eCOrdmuMlols Ver My Mic me vVcmemus 
WoL nee xecCUleG we leat ea ll SOre Uiem comp! 1 — 
Caged, and wmosm GCelicately combined, are tune 
results of efforts and acquirements, and de- 
Srees 0 Perpeculon Which Mave Bone om Geem 
hour LO" hour sCuirine Wone Motus. Aly it — 
teen months the hand can already touch with 
more "On Less eertarm Cisicriminay ron and 
appreclavions lu Can SOMetImMes Meastre The 
Srior, LeguLirecmoys tie NaAbure won bine wand i 
eulty, either known or inferred..." (Perez, 
VSS en 22) 
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CVeret ols CON cvenGTon, tia Dy lo montis 4a childs capaple or 
making fairly precise anticipatory movements regarding the force 
requirements Of praspine a2 partacular object. In effect, he 
observed that at well under two years of age a child is capable 
of very high quality grasping behaviours, at least in terms of 
appropraavue LOrce appl ecatuone. 

The observations and comments of both these early develop- 
menval peychologists are worthy of attention in spite of what 
would appear in’ a more modern Jight to be sadly lacking research 
procedures. Albeit simplistic, their notations have been reit- 
eraved Dy Many psychologisus through Une years and tune fact 
avone snould predicave iavarnes their tiehy dismissal. Uheir 
Guestuue isScover Ue Origins wand Dprogresctous O1 skalied pre- 
henistOn anc its TrelLavronship with the total Cevelopment, OL Ue 
Childe woe sol sa Molt Veatime nOrce Mor Tescareil Today. 

Reflexive to Voluntary Behaviour 

ihe human anfant as born possessing @ largce number of re- 
flexive movements, prominent amongst which is the grasping re- 
Glex (Peimoein, |9o08).. Whe @rasp retlex i> present au bite (in 
various strengths), at times allowing the child to be suspended 
completely by the grasped object (Bryan, 1930; Chaney & McGraw, 
1932). The reflex grasp occurs when a stimulus touches the 
Chald's palm, the fingers closing firmly and wiuhouy thumb op- 
position over the stimulating object (Dewey, 1935). The three 
ulnar digits close more forcefully than the index finger (Kay, 
VIGO). The reflex eracp ae pereistenu and demons races Jivgule 
modulation in force (Adie, 1927). Valentine (1927) found that 


situations which increased the arousal level of the infant tended 
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to increase the force of the grasp. Conversely Gesell (1928) 
reported that the reflex could not be elicited while the sub- 
ject was asleep. 

in normal development the grasp reflex slowly diminishes, 
the 150th day post-partum often being mentioned as an approxi- 
mate temporal landmark for its disappearance (Givler, 1921). 
Watson (1921) however, noted its disappearance as early as the 
e0th day. vidence of the erasp reflex 1s apparent in utero at 
about I2h weeks of Jaife, (Humphrey, 1967; Hutt; 1969) and an 
iit DOrniGay full Germ atlven anormal cestation period wil! 
have had a large number of stimulations of that reflex CGivier, 
1921). 

gatas on ® Deen latin verve dsy Lian. ule  erecoretlex 1S sim 
some way a forerunner of adult prehensive behaviours (Espen- 
Schade, 1967). As previously mentioned both Preyer and Perez 
had made this connection through their observations in the late 
19th century. Halverson (1933), in his major studies of the 
development Of (grasping, moves tle progression [rom seilexive 
tO voluUnuary prehension buv does nov suave any causal relavion- 
Shap, between the gwo.w) He moves thay Che form Of grasping exha- 
bived by thesorasp retlex ditirered larsely Trom volunyary jre- 
Heneronm aieathat Une wbuumb was mob amvolved sand = vie index fancer 
Waa “ou comanant. Im tide wcontexy the disappesrance or fading 
of the reflex takes on large importance as it allows more mature 
grasping to develop. However, Halverson (1931), stated that 

"Prehension in infants progresses in a manner 
which indteaves the presence of developmental 


behaviour patterns. These pavtlerns, which in 
early infancy appear as very crude forms of 
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reaching, Sraspine and manvpulation develop 

Sradually and ©bservably into, highly refined 

end invepravcd systems Ol Sequentlal acre. | 
im a Lacer paper dealing with the acduisition of skilled erasp- 
ime Halverson (1937), neoved. thar this “process then t6 4m large 
Gare a BOditlcation and sucion of 2 seu Of reflex and scquired 
acuiVvibies, welaved Ang sunrelaved THNGULONally. anno 2 tient 
movement, CoruLlcall y CoOnurol led," 

Castner (1932), in a comprehensive review of literature 
déaling wiun the developmen: of grasping concluded that the 
Sracoine reiiex “should probably be comeitermed 2s a Toundataon 
Por nie GCevyelopmental sequence waltem culminates in eracsping on 
Sai Domes etl 

Moxe= recently, Iwavene. (1965), Has made extensive obser- 
VauUhOones "On Uae reve ylomenlp Re uWwoen rer leoxLvesand VOlumvary 
cracDune.— ube acCOUNedlubers stom cahlicr Mepomis ii uMab. ae 
differentiates between retlex responses, giving them a develop- 
Mentalesequcnce. Pom Vexamole ne Staves Gial une true erascp 
Petmecr Janes volauylC rae OMI reson se | io Ol pO mosen i au. Dura 
buUGedevelous by Uae ede cr ey moni Wii We delves Consider— 
ably deever “2mco une PprOsresolonm Of Dienerace merlex ne concludes 
(as well) that "each stage in the evolution of the automatic 
eraspine reacuLons 1S associated with an increasinely complex 
co ammo cag) Ol ty omad) Vere spn 1 Oo) 

Connolly (19725) oem. =342)) Madmibawns guna 

Upeflex mechanteme play Some role im the 
development of voluntary behaviour in the 
human infant; prehension theretore is based 
om the reflex suibstrates which develop and 


change during the first months after birth ... 
More effective prehension involving visually 
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directed, PeachingeyL or tiewtirs) tamesoccures 
after about four months in normal develop- 
ment and is preceded by the maturation of 


Uleweras ps reirex 


Wie Orne ToS di Sscusshon -lOwever,y; 14.16 dmoertany oo bear in 


mindeMeDonnel)'s (1979 )<admonition that it is an over simplica- 


tion to attribute mature prehensive movements 
Ceecased cortical controlmor the sracp reflex, 
noted Halverson demonstrated the rather large 
form between reflexive responses and even the 


voluntary grasping behaviour. The problem is 


simply co in- 

As previously 
Git merencecus ig 
more rudimentary 


clearly stamed. by 


Gastde, Held and White (1962) who made tne following observa- 


ice One: 


"The detailed analysis of the development 
Of a Sensoramouon TuMmctHon such as pre- 


hension inevitably raises a classic theo- 
reulea. problem. ie Vauma nit ane sr born 


Weebl) Gaversminted werlex ceper vole, and 
Heuromusoular werowul BS rapid and complex. 
[nvaddinion, lhowevierss hetbesgins immediavely 
vO Iivera cy Wau Diss pOsthabal envi coOnienu. 
Thus we tace woner complex wack On Gdasiin— 
Tid shies, suo euleome SUCHIN in La Ul Oss Ole, 
between those contributions made to this 
development Dy Mavuravion of auvogenous 
Hneurolopical srowiun and, whose: which ere 
Cripucaliyedependen Upon te eperrencouor 


some Kind" Os MiMneornlaoive Contech woh “whe 


environment. 


Piaget (1963, p. 83) stated the problem from a slightly 


different perspective, viewing reflexes (or reactions as he 


referred to uhem) as precursors wot only of motor development 


Dit. giso Cseceniulal toOnume Copniuive developmen, of Uhe Chadd: 


"In this respect the problem which arises 

im connection With reactions in ube tars. 
weeks is thast How do the Sensorimovor, 
postural, ancdyouner reacvions, Anherent, im 
reactions, inherent in the hereditary equip- 
ment of the newborn child prepare him to 


ve 


Died 


J 


aes Shela: edad 2% ee ef; mp sen — 
Re iherive «es re ie peer fiat ive a 
mab alepinss > ote iseae selon <Ty 4 ey. atta 
gindlirin .) .onides Gime otf b toni ewesen 
ee ny B= b Er *hnee aks aybredhell. Se 
iyweh iin, ou ve Tae Abue odend: “309 rey « 
RO 4) a Ore +153 iis vest ive @ adiisest wis 


af tas le LoYpeve. Cw i eat fae Wie 


=e! ° tea ‘etic n° ee 2 a x hee ay! \ tag@ (9 


_ oe GAse i 7 ‘ 1c 90 A jae 


& (+a gt} Lae iu 


FG169 GER = +hutttai ho rv 


28 


adapt himself to his external environment 
and to acquire subsequent behaviour distin- 
guished by the progressive use of experience?" 

Wile Place, dud mom fully answer Nis own cUuestaon He Lert 
little doubt as to the importance of those initial movement 
experiences, in the overall, development. of the child. 

AU this juncture 1% can only be stated that the erasp 
Repos playo.an Undetined souGe undeniably amporcant cole in. tne 
normal development of voluntary prehension. Perhaps the most 
Salen feacuire Of Tus 1mportance 2s Huse pramscy, in that (ohne 
tetlex allows initial, rudimentary movements of 4a manipulative 
and explorative Mature. In ietirect 1 vrovides the anitial an- 
LOrMatlom FO Lie Antane concerning Dboun une movemens 1teelr and 
tie mCD ect soelns Manlpulaved. sia wpreyvloucly Suated ii une theo- 
reule @Maulonale Lor whis paper the Umcertainuy Created thereby 
may be a powerful motivating force for development. Twitchell's 
(7965) “observations Gf sequential development within the reflex 
poself “underscores the fact, thaw a fairly large mumber of diy - 
Geren. graspine experiences wuliibe avyailaple Lo whe antany 
hom Exposure, experiences which may form tne building biocks 
for acer yolunvary grasping. 

Noted earlier in this discussion was the facu that one of 
the Most distineulishing Reavures of the adult erasp 1s its ap 
Preciation ©f Welgiy and ius anvicipatwon Of an appropraave 
devel Of Torcerulness. “this 2s in sharp conurass to the carly 
gracpine behaviours Of infants. The grasp mellex itvselr i¢ 
generally described as being forceful and undifferentiated 
(Dewey, 1935) although an early study by Valentine (A927) dad 


Hove that increasing the excitement of the child iuncreased the 


4. 
a : han spiel | es 


Ge. A 


7 


7 
7 . — 
- 


a aera ar 

Tae deen esi rls 
bewbaie ds; Jo kPE eaede Shree 
' shaese ot Saat aw Sere 


steuy Ba> Sec es nen ae ule) bal ch «ae 


606. 78, <9 1 ah4s i 9 of o8Red us Tad oT ho | Vi : 
449? wwe. * ee eT. ac vy supeeadeveD : on 
s Tes sy) 9g Age net, oe »*s Dieta Wi | 
YEP Fa an 5 re 7 °u@.704) 7 

( 

aa a ae Ve 4 ’ ; | vn 

“Kes ace ) /. Sadan CF >it? 

oat) ® es % f ‘yt BUTS 
‘6 ny ent 
edness <. rab - | ivheabeg 6-0, 


stipe UM uted al. (902s Mapes 

pis ) GR 96 VE Bae” eae ots 4 Ls TUSSE Sete TL 

bali’ | Vagen 92 Suet. 2 

“ ek te Dg cpt Apa a hy, Verdot gene 

Chee: ght! Gale 3008 de Taek i 

SH ysuy 1985 UPe > AX ow wecneds ee ee 

=e GOS of , -'- weit USL Jeup ee 

PesTYEIGe 4° 1, ta, S> a6 0a 

idee Ng! petDare ll the i +1 1" at iat S96 ine 

ge Db rea. 8) ‘ [i - ; ‘abe eee <a 

Ub eel diel WG pow: bine mien wh aie) as 

vit L0\) pat: wish ai Por Ames sone 

nd? tad out! BLthn a4e #5 fbipovdne: va} 
: a 


| 


ee) 


Strength of the rerlex grasp. Halverson (1932), noves that 
infants younger than 24 weeks "give not the slightest evidence 
CUSapVreciaulon Of “orm, Gize Or Welechitwoet obotecte” bly rather 
hold objects "in a persistent vice-like grip which relaxes only 
cirough sudden shock sor change of activity and that. they "do 
not adapt the force of their grip in accordance with the weight 
Or tvesobrect (oe. 5ST)4 . falvercon (1932), "contracted this be- 
haviour with that of infants from 60 weeks of age whose grasping 
Wemrererrcd elo as, Deine "delicate and recise’, economical in 
gripping pressure and as adapting pressure to the mass of the 
Sopoeum Wolo). Imescumman, Halverson cpeueo) bla 

Nearly erasping 1¢ iammediave, unadjustabile, 

Porcetul and venactous., "Au One year grasp- 

ine sis Celiberate, adapuablo With respec. 

CO Size, (Or, Or Weloght (Of Uhe objecu and 

only as surone (Or tenacious 26 Une occas 10n 

mequires (a. OOR:, 

Haiversom Concluded uwnau "in accuracy "Ou reachane and ain 
precision of grasping, infants of 60 weeks rank almost on equal 
Terie wilua adulys In preWension Of OD jecus OL repular form and 
Of averaze Size." (pp. 61). “Commolly (1972) however, in 4 much 
later and more comprehensive investigation of hand function 
notes "that while the 60-week-old infant may be able to grasp 
an Ob lecy im an essenurally adult manner, she developmeny of 
Mahe wmUnmculon 1c. by MOumeane cOmplete even by Une Tourcgiy year.” 

Much of the increased quality tn skill is autripuved by 
Halverson to the development of higher forms of grasping be- 
havaoure such aco from palmar grasping vo pincer praspinge, as 


well as to an enhanced awareness of the physical qualities of 


the object being manipulated. The increased anticipatory abil- 
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ities in terms of weight discrimination are, however, left large- 
ly unexplained. They are perhaps best explained using certain 
elements of human information processing theory, particularly 
aoeuney pertain voOsmovor iunctvoneand control. 


Channels Gapecivy, Abucmilonal Demands and Anticipation 

"A capacity theory assumes that there is a 

peneral [amit on Man's capacity Go perform 

mental work. It alse assumes that this 

Jimited capacity can be allocated with con- 

Sudera ble Vi recdomeat one scOncurrentusaculy i= 

ties! 
(Kenmeman, 1973, >. 7). The concept of man as an information 
DEocessor 01 limated capacity ts a major component, of most 
present day human performance models. While nou & universally 
accepted construct (Netsiser, 1976, 0. 96) there is = substan- 
Dialed yacot work im Tiemsupportu. | \“Glenernosce, (1978). Capacity 
models are generally thought to be of two different types. 
One model suggests that capacity is structurally limited and 
that "bottlenecks" are created at some point in the processing 
system which effectively limit information capacity. (Glencross, 
1979) The single channel hypothesis of Welford (1952) and the 
filter mechanism concepts of Broadbent (1958) are examples of 
tine model, The second model proposes that a general capacivy 
Cxiseue bUL that input, and CUlLDUL processes compete Lor tha 
capacity. (Moray, 1967) Evidence for both models is well docu- 
mented (Glencross, 1979). It is beyond the scope of this paper 
to document the evidence for these various models of channel 
Capacity. <The intent 18 simply to outline the notion thay the 


Goneideration of limited capacity information processing is 


Central to theories of human pertormance. The key elemens here 
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coeliac. DMO UNS perspective, the productaon and, controlor 
movement will require some degree of the available channel 
eapaciiuy, (Whiting, 197) The more weld Learned the ~kili 
involved the less attentional demands will be required and 
therefore the less channel capacity will be required. (Singer, 
tO 7908 MarGeniuks (1979,. 0.47) sugsests that a novel motor task 
une IRIE Ti eXey Misael sama) bhaWexo eg ehiliolge (or DOUeIRIial a meOrmad von) sand, chap 
aywrea, deal of Channel icapacity or aAvtvention will be required 

to produce an appropriate response. Marteniuk (1979) also sug- 
gests that practice or experience at some particular skill serves 
UOme@ciUeGes UNCehLailive Whee leads oO. a Cecregse an the channel 
Capecaty, Gequired to e€ffiectavely pertorm that response. | This no-= 
Gum cucongruent. watt Fipneai 90/8) seomcepim on skill learning 
eventually achieving an autonomous or virtually aLtvéention tiree 
stage. Keogh (1977) notes that the development of movement 

skill is dependent upon the learner's ability to efficiently 
process Guiormation, thus freeing channel capacity for atven- 
tion to other events. Kopp (1979) suggests such a trend in the 
development of grasping, commenting on the total lessening of 
paose demande as skill amoroves. 

The reduced channel capacity required to perform movements 
ind ckibled Manner 2acqvorven, atiri buved lo Some, extenu wo, ihe 
imereased anticipatory abaliaies of uhe performer. (Connolly, 
1977) All volitional movements assume some anticipatory aspect 
bub Ska litul, performeancesis recognized by Minimal discrepanca es 
between the actual performance of the movement and the relation 


to the anticipated demands of the response. (Wade, 1975) More 
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accuraue SNULcCi pation will require less channel capacity for 
Subsequent, error recocni tion sand correction (Whiting, 1 ORLA) a 
Bower (1976) has speculated that the development of anticipatory 
ability is linked to varieties of experience, or practise. 
Bower (1976)also makes uhelcrivical point that accurate anta- 
eipations reilect the accuracy of the cognitave rules eovernineg 
behaviour. He also notes that with increasing age behaviour 
appears torchange Less and Lees, while the complexity of ivs 
€onurol Processes appears to become greauer and greater. 

in summary, it would appear that the human iniormation 
processine system is suructurally limited in some way. Ihe 
degree to which that capacity is used in movement responses is 
dependent upon the skill level of the performer. The more ac- 
curate the performer's anticipation of the task's demands the 
eveaeversis the Tikelihood ot a) skilled respomse and its corres— 
Pondinels Towsdemands, on schannel ‘capacity. wkilled performance 
appears to be dependent on a sufficient amount of varied move- 
ment experiences or practice at Similar tasks. This experience 
in turn leads to the development “of complex cognitive rules 
Which fovern movor behaviour in an increasingly velit icient manner, 
wesulving in the Minimization Of channel capacity demands. One 
pieORebicak Conelruct dealing with, bie Wdevelopmens ol “pnese 
Gomgnitive rules is the schema. 
The Schema 

Tae coneeps of “sehema! or “schemata” was firsy espoused 
by Head (1926) and later reworked by Bartlett (037) naan eat— 


tempt to explain the recognition aspects of perception, particu- 
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larly in relation to novel events. Definitions of schema abound 
and the word has become unfortunately associated with a wide 
number of meanings. (Neisser, 1976) The following definition, 
a composite of several proposed, will be employed in this the- 
Sie. Ihe schema 1S a Seu of related cosnitive rules which sov- 
ern the production of Movemenus which are cimilar in morpholocy. 
The schema is modifiable by experience as a result of uncertain- 
ty reduction between past and present movement responses and 
Cesvilca. (lvames, 1967s Nerecer, (976s (ew, 10725 “Scamiau, 1975) . 
Withit the Context OF this thesis then a2 schema would exvet 

bige CcOnurolled graspins bedayilours, Ole Of whe aecociaved Ccog= 
nitive rules being that which governed the necessary amount of 
Force required CO pDericorm the task aw hand. 

Senmidt (1975, 1979) has postulated that a more robust 
scoemea well result in more eirficient production of known respon- 
Ses a5 well as more accurate production OF novel, bul similar, 
responses. He suggests, as does Neisser (1976), that the 


Stcenzut of the schema will be a TUuUnct1om or the sumper and 


Verlaan y Of previous eexpermenices. © Wnese “expertences mill 
allow the gradual reduction of errors between desired outcome 
and actual ouveome of the response “as ulre Schema Vs Strengthened. 
(Seumidt, 1979) Somewhas cautious support for’ this position has 
been reported from the research of Kelso and Norman (1978) 5 
Moxley (1979) and Williams (1978). Bower (1976) suggests that 
for the young child that such varied experience allows the child 
to alver those CoOpmitive Pubes governing ius Vehavivour as uney 
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Similar suggestion has been made by Glencross (1979) in refer- 
ence to the achievement of skilled motor behaviours. Singer 
(1979, p. 223) speculates that more accurate cognitive rules 

(or schemata) would lead to a reduced demand for attentional 
Gapacitiy.. As strong’ schema ellow for efficient handling of 
information, higher quality responses would be expected. In 
contrast a weak schema would inefficiently cope with information, 
produce a less ideal response and be forced to use available 
Capacivy UO Gevecy and Correcy errors 2c well as mModiry the 
schema itself. 

In “summary, schemas are modifiable cognitive rules which 
povernm Speciiic classes of motor behaviour. These rules are 
nodiired and strengthened tirourh experience which allows thie 
Maven Or desired and actual ouwcomes. Contlicus between 
these expectancies are detected as errors and lead to the modi- 
fication and sumengthening of the governing schema. As eche- 
mas become more robust they more accurately and efficiently 
handle intormation and ‘create more appropriave responses U0 
various task demands. This results in the use of minimal 4a- 
MouUnbc. or channel capacivy for the skilled pertormer with a sub- 
sequent increase in the amount of attention available for other, 
non-task demands. 

GConerol and Quality or Prenenecave Porces 

Precise production of force is an important aspect in the 
development of movement control. (Keogh, 19077) However, as 
Connolly (1979) has stated "To my knowledge we have almost no 
information on the development of the ability to control and 


VoibvePOrces. Opp (1979) noted particularly the lack of re- 
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Search governing the moter functions of older children. The 
investigations into the quality of prehensive skills have dealt 
more with Ghe hand's relationship to tool usage than to the more 
elemental aspects of grasping qualities such as grasping force. 
The works of Connolly (1972), Rosenbloom (1971) and Saida (1979) 
Are wprime examples Of (thie aGype of Tegearch. pp Other researcnere, 
Porimeculariy Kopp (197, 83. 1972 B) Nave dimvestrcaued the atten 
tional demands associated with various skill levels of grasp- 
ing among young infants. Prehensive skill was examined in terms 
Oc cer muy aid Nou Ot Precision or Torce. 

Perhaps the only study that concerned itself with the preci- 
SLoMm on force application was thaw of Bower end Monoud (1972). 
Witte nol Delne directly inveresied in vuhis developmens, they 
employed its Measuremeny im en atbempy vo slage behavioural ly 
Clemace uss ULOM “Of bie Concepu Ol COnSservapLlon Of WelghtU amons 
youn tnrante. " [ney did so in part by Measuring The Borce ap- 
Plted to a Series of Objects and analyzing the amount of force 
applied and the pavvern of force applications. Their results 
imdacavea that by 9 Monune Of Ape an iniamu was capable of 
Aenieving a hagh standard Of anuicipavory Worce precision afiver 
a sequential presentation of 3 trials with some object. They 
also moved a gradual reducivion in the peak initial force ap- 
plted in the initial trial with, each object as the are or the 
subjects increased to 21 months. Monoud and Bower do not re- 
port the type of grasp employed at various ages, the standard 
employed as their measure of minimum grasp force not the respec- 
tive amounts of variability within each age group. Bower (1976) 


in a later publication suggests that by 9 months a child can and 
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will adjust his grip to some minimal (efficient) force. Upon 
subsequent trials the child will anticipate the correct amount 
Om Foree nMecessary to that Minimal force without error. In-= 
deed ne velaims (1976, .p..173) thay shertly, after 12 monthe of 
age that the child will automatically make these corrections 
attver only one trial with some object. Bower suggests that 

this belayviour retlects the cognitive rule Ghat "“Ghe same ob-= 
ject weighs the same every time they are picked up". . Bower also 
suggests that by the age of 16 months that children will be able 
bO predicy uhe weight of unfamidiar objects and grasp them with- 
OUlmerrer in force applicatvvom (1976, —ponl so) 0 By vive age 

then Bower implies that the child's grasp, in terms of force 
SpolLeaulon, 1S as prediclive, anvicipavery and precise as that 
Orean edulu, in Verms Of grasping Lorce. 

This work by Monoud and Bower is important in that it be- 
Cigeweo suudy mie relatively MiUeuCcheduarecanom ule eve lLoomenw 
GnuckiiVed prehension. lhe imacinavive researc, design, cm— 
pheved certainly has been whe blueprint for unis Ghesis. — How- 
ever mune Siudy is poorly Treporved, particivarty i2n Gile aspecic 
Giedave collectsom and analysic.. This results ana non-replica— 
ble experiment that appears to leave as many questions unan- 
swered or raised as it adequately contends with. Bower's sug- 
géstione as to the attainment of adulu quality prehensive skills 
by 18 months would indicate the establishment of a highly de- 
veloped psycho-motor apparatus. Yet children more than twice 
thage age appear incapable of precisely manipulating objects in 


even relatively simple patterns (Saida, 1974). There would ap- 
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pear to be incongruencies between Bower's reported prehensive 
ckigelcwand the real) Tivesachtevyements of older children employ 
in SeuaOce seme. ski] tes 

Me yWOMCOrroObatvivemoryOloclaimine “studies  o1 Momoud and 
Bower's work exist their work can be neither accepted nor re- 
jecwede ate tnic juncoure | [netneed for further sstudy ise however, 
Cvedente etquallvecvident 15 une face that withous tis pie = 
Necrine work the Turuher nvestigataon or the quality ofypre- 
Hemesvctsk es would pessorely limited.) Unie study am parti — 
eular Owes 4 great debt to their work. 
Summary 

Prom this review a number Of Important poincos may be drawn. 
It is apparent that while developmental scales dealing with the 
attainment of mature prehensive forms are well established, there 
appears) vO be a corresponding dack of Undercuanding as GO ine 
development of skilled qualities (such as grasping forces) 
Wien uMose sorts. (We well While Une Origins Ob eracpime 
arewacsumed GO die aun rmetlexive behaviours, tipile ae known or 
tne wesiaual riecy. these precursive behaviours might have ‘on 
bie Mapure forme Ol thie skill While ume physical movemente 
Cicmeclves Mold Larrce similarivios,, lipyle is Known of une pos— 
sible effects of the reflex organization on the skilled produc- 
tLOMeen tvecse movemenus.. Lhe vemporal organi zauion of force ian 
the weracp reflex is Undititerentiaved and satiety conscuous., § The 
temporal organization of the mature grasp is assumed to be pre- 
dictive ana forces eprieuent.  Hinally, 1igile data vs availa bile 
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veloped to the mature or automated state. The attentional costs 
to an individual developing a motor schema to control a cultural- 
ly requisite set of movements are not known. The significance 

to wthe overall developmen; of an individual of this aspect of 
mover development is mot understood bul would intuitively at 
léast appear to be of some import. The relationship between 
thedemands of “developing Mature movor skills and vie demands o7 


eCcpnivive development require a great deal of Turther study. 
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CHAPTER? 17 o 


METHODS AND PROCEDURES 


DUD Sets 


Subjects in this study were classified by age into four 
eroups of ten each. The age groups were referred to as 3 year 
elds (mean CA 2-11, range 2-7 to 3-5); 4 year olds (mean CA 
Fee serange 3-9 to 4-5)5 5 year olds (mean CA 5-3, range 4-11 
to 5-6) and adults (mean CA 21 years, range 20-23 years). 

bub] Cee from the 3, 4 and 5 year old eroups were all, par= 
ticipants in an Educational Gymnastics program held Saturday 
mornings in the Education Gymnasium at the University of Alberta. 
Each child was volunteered by their parent(s) following a verbal 
presentauion and request for volunteers by the researcher. Any 
e¢hald who was for any reason Unwilling to participate in the 
test session was immediately excused. This was a relatively 
rare oecurance (2 occassions) as Moet children seemed to find 
the experience enjoyable. All children tested were caucasian 
Makes from urban middle class socio-economic backgrounds. (No 
Sseneony or physical ampaizmmen vse were apparen:. 

Ive adult, group Was comprised Of University Ssvuldenus who 
volunteered to participate in the study. All students were en- 
rolled in ether their first or second year atv wie University 
Of eAuiberta im the Faculty cr Uducation. Again ald cubjecuse 10 
this group were caucasian males from middle class backgrounds 
and had no apparent physical or sensory handicaps. | 

Males only were tested during the experiment as sex dif- 


ferences were nob the prime focus of the study. The testing of 
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males “only greatly simplified the acquicsitdon of subjects. 

Furthermore it was felt that if developmental differences 
did indeed exist in the quality of grasping that these effects 
might be more noticeable among males. As males are less often 
SpOCialiged into fine motor play activities, environmental infinv- 
ences on their prehensive development would be lessened, at 
east in the pre-school years. As well once schooling had com- 
menced the coincidental increase in fine motor activities (scis- 
sor use, painting, puzzle solving) might result in an exaggerated 
Sibccts om skill quality amoung ymeale subjects. Tits errects if 
evident, would provide some evidence as to the influence of the 
Ch Virontenw OMmethe aGevelopmenteol Prehension, parLiculariy in 
tight of Schmidt's (1976) schema theory. From a very limited 
amount Ol pillow testing using youne female subjects il did aip= 
pear thale DNelreperlormance Was) SuUperLoOr VoOuVhnav of pre=sciook 
Scvewmatles au ieasu one ube measure Ole grasping force. 
Apparatus 

Pressure measurements were recorded using a Hewlett-Packard 
Model /22 pelyeraph Utilazane@a sanborny 2) 0 -Aspreamplatier. 
The mechanical reaction of the manipulated objects was translated 
inporen electrical trace Using a model P23Akk Stathan eauge or 
pressure transducer. The two manipulated objects were construc- 
ted from 4 an, O1D. and’ 3/2.insl.D. Latex* tubing which was lained 
down to form a wall thickness of 3/32 in. These dimensions were 
foundrtirough pilovsvestins vo be aswell thickness which maxi— 
mized Sensitivity to pressure and yet remained strong enough to 
retain tue carcular ¢ross-cgection of the tube following wse, a 


characteristic which was essential as a failure to maintain 
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shape would have resulted in distorted readings. Each cylinder 
wae wevehtved by filline’ 1/4)an. copper Lubing with Mead which 

was then inserted into the center of the cylinder. The tube was 
held in place, and one end of the cylinder blocked, by inserting 
a #2 rubber stopper to which the tube was bolted by a 3/4 in. 
screw. The remaining end of the tube was blocked by a #2 rub- 
ber stopper drilled through the centre to accept a Length of 

174 in. latex tubing. The result was a weighted, sealed cylin- 
der which could be connected via the latex tube to the Stathan 
gauge without difficulty. The very small diameter latex con- 
nectime tube was chosen both for Tus ease’ of connection and 
because its own movement when the cylinder was lifted created 
Hevlielole pressure ‘changes. 

Each cylinder was painted red (naphthol crimson) with non- 
ROxuC acrylic painu. § [ne resale Of “Uner Lavine and palnuiine wars 
an outer surface on the tube that was easily seen and grasped 
as the outer surface was not extremely smooth. The two resul- 
ting cylinders were 5 cm and 10 em in length and weighed 64 
and 120 jms respectively. Aw vilird cylinder, uscd, im Ghe pracuice 
trials was 7.5 cm long and weighed 26 gms - a length and weight 
unrelatea to the test objects. In ovher aspects However, such 
aon colour wand wexture Lh was Cillmlar vo me wesh vob yecus. 

in order Go elicit the desired behaviour from the children, 
Svcs huuaunon was degigened Utilizing one following equipmenu. 
Children were seated in front of a small taple 72 im x21) on. on 
appropriately sized chairs. Upright from the table facing the 


subject was a picture of a (brightly coloured) clown's face 
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(14 in. x 10 in.) mounted on a white background. The clown's 
face was constructed in such a manner that its nose was actually 
a ered la ght) bulb Cstandard size, 10 watt; dow heat) 6 :/2 in 
prom ities table's suntace which was wired to, and <ontrolled iby, 
a silent switch. The switch was mounted beneath the table in 
a location easily accessible to the researcher who was seated 
Get he ri eiieor then eh add Calso, iim Wown “sa2ed chair). The 
surface of the table was covered in a blue velvet cloth, marked 
for the consistent placement of the test objects. The Stathan 
eauce was clamped to 4 retort stand behind the clown's face and 
Cu Or the, child's sight, while remaining within easy reach of 
DUemEScearchenr. | Me wires Mronsurostrancsducem (ro) tne polycraph 
ran beneath the table and along the floor as did the power wires 
VOMUOVemuEsiGed OSS, agaln out sor Sis of pie child. Tre poly- 
era piece iin Was Sve Ved wv O mie Plein Of Die recniid am stiewcorner 
ofsthe room. The table was placed against a blank Jight yellow 
Waki scon that no visual discracti Lone swere availabilie ws une chiid 
faced) forward. 

HUA Seubjliecus, megardless Of tage.) Were vested in exactly ithe 
Salle’ si iMavionm Wsine exacgly vite “same eapparatuc. Wile his 
seating arrangement was somewhat uncomfortable for the adult 
Ssubpecue Tu ehould, mot have, an any way, eitecved their pertfor= 
mance on the task. 
The Grasping Task 

The grasping task given to all subjects was very straight- 
forward. Simply put, the subject was required to, in response 


to a stimulus provided by the lighting of the clown's nose, 
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IifG the test object to the devel of the clown"s nose. When the 
itghted nose went off the object was to be placed down.) This 
was repeated five (5) times in a row for each test object. The 
timing sequence was such that the object was picked up and held 
for 3 seconds and then placed back down 5 seconds after the ob- 
Jecu was replaced) the Second trial would pecim. Srollowing sach 
trial whe obi ect was replaced tmetne "starts pesitvion by the 
tester. When moving from one object to the next an interval of 
about 20 seconds elapsed as the new test object had to be hooked 
up to the Stathan gauge by hand. This timing sequence was ad- 
nered Go as Surely as possiple, butewith the ryounger children 
in parvicular’ the task wassimpossible while retaining acs re- 
axed am “aumosphere as possibile. 
LnSuruculLons 
tdentical insturucimons were given Goveach) subject. sup- 
Dlemencanry Instructions were given To individual) subyecus as 
wedusred. Wiehe Insuruculons sand therm sequence are as follows. 
Thevobject. Used an the Sessions Was Tle’ prachice: wube. 
7. "When the clown's nose lights up I want you to 
Dicwwupetie Dube ancdehold ty Busirony ei vinetiosce 
- like this = (followed by a visual demonstra - 
tion). When the clown's nose goes off that 
means put the tube back down - like this - 
(followed bysarvteualedenonstraniom) 
2, TTheveubj ect swactthenwasked, "Do you under- 
Spam | cliche. seainor jae ivcinie Cu OMe = Weie mt ie= 


peated. If "yes", step 3 was then initiated. 
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One =) DrACh ce “er almwas allowed at etnies smoints 
"Now you try it - remember to wait for the nose 
bo lighu upset thelr chitkd was successrule 
step 4 Was initiated; if not the error wae cor= 
Pecued Deflore movin. on. 

Ano Wien VOUS pick sup che! tube 2 wanteyou. to hold 
it in the middle - like this." (followed by a 
visual demonstration). 

D. A Second pracuiee trial» was then asked for. 
ihetus: try i teagain and =Temenber Loo nold a9 in 
Lieeemndcles'"® iG times Tlasigwace success nUal y 
pertormed, whe behaviour was verbally rein 
foreea with une phrases! That's very cood.! 

[if Unsuccessiul the an coruicuions were, Leped ticd!. 
Once successful, task 6 was initiated. 

oO. o'Dhe last thine 10 remember as that 1 don't 
Want you vo squeeze whe tube when you pick 
iy ape) Okay 7! er no. probilemceweres encoun - 
tered, step 7 was commenced. 

i. “Now Let's seeeit we can’ do ali thav with this 
tube. | his phrases was spoken as > the firs. 
DECOM ecu. We cel UnOdUcCed mayhem esile Oy CCa, 
Was whem placed on the table before whessubj ecu 
while the experimenter said, "Remember to wait 
Por. tine lowe mose vor lireha up Se a “has 
point testing commenced. 

During the test trials correct task performance was followed 


py the phrase: "That's right". ‘lmconreet performance was fol- 
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lowed by a reminder of what should have been done, for example 
= hemenmper’to holdlic.i1n the middie". 

Between test objects, while the new tube was being con- 
nected to the Stathan gauge, the following instructions would 
take place: 

(oe  'dhatVs= very good, =-you ve fingehedea lithe 

times with that one, let's see if you can do 
tiiew caper wiv thie one. Vi Tis point The 
Second Test Objece wase placed imposition. 

pee ReMCUDer= VO Wali ©or tire lent. pack at up 

in te middie and’ don't squeeze it. Okay, 
eu s Gry Loe with bins tone, hol bowire = tiis 
Gast 2nsuruciwen whe bescu trials Gecommenced, 

im response bo the inevitable Questaons answers were given 
that were redirected toward the correct. performance of the task. 
in most cases the promise of showing the child “how the clown's 
nose works when we've finished" was sufficient to direct atten- 
tion to the successful completion of the task. 

Procedures 

Children were tested following their participation in a one 
hour, educational eymnastics session. The design of these ses- 
Sione wae eueh that for@tkre last I> minuves the ehildren were 
Not active bus were talkine with Cheir instructors end having a 
snack. While their involvement in these sessions was not part 
of the experimental design it was beneficial in a number of ways. 
Firey to eave whe Children any ouvlev for their energy before 
the beau session. Secondly, 42 allowed then vo "“sevele down" 


before testing began. As well as the test site was adjacent 
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to the gymnasium it was in a familiar environment and didn't 
require Uheir transport 104 less convenient area. Subjects were 
randomly tested, independent of age. 

The subject and one parent were taken into the testing room. 
An attempt was made to familiarize the tester with the subject 
Dyeacking Porm names, bajirthdaves, cuc. During thie time the 
parent was shown where to stand next to the polygraph and 
asked if they would start the machine when asked. This proce- 
dure was found to lessen any anxiety caused by the machine's 
start up as the parent was associated with the machine's control. 
At this time the parent was asked what their child's dominant 
or preterred, hand. was. [his Gniormation was compared to the 
han¢wuciec ~in Une praciise rele. a ln mo case Was, a4. Coniiiicy 
observed. The parent was then asked to please remain silent 
dUrine rie wes S€SseL0n, Ai ansurucvi on which Dor uhe, greater 
Pate, Was observed. = Parents spoke only Uo direct their child's 
AGbentaoOn ether Fo the task or LO the ansurucuions. The child 
and the experimenter then seated themselves at the table holding 
the test apparatus and the instruction session commenced. Dur- 
ing the test session any pertament details, e.g. 1f object 
dropped - were noted by the experimenter. As well the type of 
grasp employed by the subject was noted at this time. 

Following the test sessions children were shown the switch 
to the clown's nose and were given an opportunity to watch the 
polyeraph's needle be deflected. Any further questions from 
Gither the subject or parent were answered, thanks were given 
and the session was ended. Hach session lasted for approxi- 


mately 10 minutes, the actual testing accounting for about 5 
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MinuU ves). 

Testu pproceduresstor therecult sroup varied slieshtly from 
Chose et the childrens verouns “sWhilesphe apparasucwand insiruc— 
tions remained identical the polygraph was started before the 
Wee eeeCscloOn began as tne adult cubjects did not have a parent 
present. Apart from this departure the procedures remained 
Ssscimaally the same Torealil wroupe. 

It should be noted that the test sessions took place in a 
mem peravure controlled room. Sante the test objects were air 
il edwand Vae pressure transducer wace responcine Vor eurier= 
emcees) Ul cra Oreecune Tas, Cone Tetmn  Del@~eta wie Wasa 1m pOlemam ii 
Pimeciwuatlons in room temperature would have Led to tluciuuations 
ti onessure: readings. Ine room “en perautre was held constana 
aemoc oH for each of the vesu sescaons. ~The polyerape was run 
Pore 20) minutes prior vo eachyvest=perrod to gillow ius senpera- 
tumento werabalize asewell. 

Measurements 

Hoch subject Ss vest srialywas removed from whe pollysraph 
andl ammedianely marked as vo, une order son trials and) tieverder 
Ohohe objects used. “Hach trial was wien cus from une poly- 
craph oUppubeands placedl ine vemporal™ omdere by triad Tinga beokites 
conmaining the subject's initials, birthdate andeany oLher pern— 
tinMenimintormation. §Any Other anloOrmation er remarks made Dy 
the experimenter (during the test period) as to type of grasp, 
difficulties experienced etc. was then written into the booklet 
opposite the appropriate trial. The results of each trial were 
then analyzed and the results recorded by subject for each 


group. The extraction of data was done blindly, that is with no 
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knowledge of the age of the subject or the order of presentation 
PrLOREUO, Uhesrecordineg Vol aiine data. 

The following protocol in measurement was followed. A base- 
line measure was established from the consistent pen position 
before grasping commenced. Grasping was judged to have com- 
menced when the pen position rose consecutively for 4 mm (or 
-16 seconds). Peak pressure was judged reached when the pen po- 
Sition began to decline or remained constant for 4 mm (or .16 
Seconds)..) The difference in pen height from start position to 
peak pressure position was then computed to the nearest mm and 
Petermed, to as. peak pressure. [nis is a measurement of tihe ani 
Uialwpredictiedyaorce applied sy Ghe subject. (“Ene distance the 
pen an irom Une Sslary POsluionm DO tne peak pressure posi won 
was Computed to the nearest mm and referred to as the time to 
peak. This is simply the time taken to attain the initial pre- 
dieted force. The ratio of peak pressure over the time to peak 
Wacsmuienm COompubed Lo fome decimal oimtandstererred GO ws slope 
Gonpedke. = Lhils Measuremenu provides am indacavion Of whe velocity 
CHM te rorce appl uca uno.) Prom whe ein sol pease pressure 
readings to the nearest mm were taken every 4 mm (or .16 sec- 
onds) and the pressure at each point computed as for peak pres- 
sure. This was done for 6 readings past peak pressure. These 
Peadinmegs are referred uO as peak 7.2, peak a.4,) peak tye Mexeyen 20.0 
Dealeriec. Peak pressure when becomes the common pom, or 
eLOmuile, 120m which able (Subsequcnu Geadines) can pe analyzed 
and compared. These measurements provide information as to cor- 


Recwed force applications once ube. inivsal predieved Pomce had 
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been applied. 

This protocol was developed from extensive pilot testing 
and while conservative tends to minimize errors made when chil- 
dren umbied or dropped the object during) aitrial. ' Some terror 
is unavoidable in rounding to the nearest millimetre but it was 
NnoOwiweiv sisnaricant ain teams. of overall proportions. © In very 
few situations was the measurement protocol the decisive factor 
in determining a measurement as in the vast majority of cases 
the measurement points were quite obvious. 

Development of Test Procedures and Apparavuus 

Die wowld ibe remiss mot wo make iment ion of the <epiorts ian- 
VWolLVed. im une development of the apparatus, vrocedures and am- 
Soructwons involved in his experiment. “Over 60 children ranging 
in age from 6 months to 7 years, and over 50 adults were tested 
Deron mer hive experimeny Greporved Were... Mach  Lesita Sesciom ai- 
lowed the refinement of equipment, instructions and procedures, 
While avtenpling to ancrease the walidiuy ef tie experiment. 

The main functions of these pilot studies were to find the band- 
Wlatieoesin which “bme appropriate behaviour Gould De trapped. 

With) Uwe Imetrucllons this Meant indine whenea J year sold ecould 
meaningfully understand without influencing his behaviour, while 
HOU tlekineg them so simplistic as vo “disinveres«, 4 5» year “old yin 
Picea coe lie main rditememlhoy mere Wis avo ulmi sude explore won y 
beneviour “Of whe younger child = manitested by sdueezing the vest 
object - without influencing them to grasp the object in a non- 
norma fachion. “The ingtruction "note to squeenze! appeared Go 


fulfill this purpose. The lighting nose also withdrew interest 
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from the test object to the clown's face thus allowing a more 
natural grasping response. 

The development of the test objects was chiefly marked by 
a struggle to Tind a wally thickness which would retain tts croge-— 
sectional rigidity while remaining sensitive enough to allow 
measuremeny of the very light grasp of the adult subject yet 
remaining strong enough not to collapse under the stronger 
etacor ore Une young cnitd. —bauex lathed wo 3752 im. was Lound 
COeDeomeacCuteve tis purpoges 

The calibrating of the polygraph presented yet another dif- 
ficulty. With a limited amount of pen deflection available 
sensitivity levels had to be found which could handle the peak 
peessUme ©: & Childs erasp withouy “going over the top" while 
renaimine Senoitive enoven vO Measure une very Tigh, grasp ot 
the adult without "bottoming out". This remained an elusive 
goal and the final setting was somewhat of a compromise which 
Virwuel lly euaranveca twhau ali peak presistres would De capuured 
Dube whmel anereasea™ blew chances Ol 4 Celine serlec, wollowing 
the peak. 

The design of the test apparatus presented another prob-— 
Teme "Ihe interest of the young child had to be mainuaianed over 
a number of repetitive trials withoun affecting whe behaviour 
being measured. The task then had to be interesting enough to 
Mmatnvarn abventLon Wishout being So» SulmuUlaving chat au aitecved 
how the child grasped the object. The clown's nose lighting up 
Seemed vo solve thie problem. “The younger children were fascei-— 


nated by the effect itself, the older children interested in how 
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vo worced. Gli No mnestances Pollewing the two practice triale, 
did any or the childrentappear overly excited or stimulated by 
the tight. The lighting of the nose however, did remain of suf- 
Plevenwwinverést throughout the: trials to remain the focus of 
most questions following the test session. 

Téspeanxlevyewas elsouround) $0 Delauconsra pushin eT acror sto 
Perbormance, increasingly so with younger children in the pilot 
studies. Much of this anxiety seemed to be related to the sound 
of test machinery and the separation from familiar environments 
and persons. Holding the test sessions near the gymnasium, hav- 
mMiecas Pareony (resecnyy Navas exeOriei Pamir y —sesc lou and 
Making whe, tes, Cconuingeny On tne child's willimeness to paruiel— 
Dawe appeared GO alleyiave thic problem greatly. Ihe reassurance 
Of parent Deine preseny, even wWiough silent, was whe darcest 
COMurI puns Tacwor ian tas meeard. 

iWe Selection of which age groups VO acuually Lesy was 
MhOuier di trricul: desienm Cectston.» Ihe younger une cibldven 
thaw cole (oe tested the ereaucr the TPikelinood of finding de- 
velopmental trends. Ihe cuter poinu had vo be where the echitd 
Could Surracrenvly understand the demands of Vie task, while 
keeping the integrity of the task intact. This required a need 
DOmUnderstand simple Verbal® incuructvonse, and have an avvention 
span long enough to complete the task auselt. Over and over 
acoin in pullot testing this euvort point appeared vo be au about 
2 years 6 months. This then was made the lowest age tested and 
wae ineluded in the group meterred tO ac the 4 year old group. 


The youngest child tested was 2 years 7 months. Another child 
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of 2 years 6 months was tested as well but since he obviously 
could not understand the task instructions the test session was 
abandoned. 

The apparatus; procedures and instructions involved in the 
Suudy were the result of exhaustive pilot testing. While by no 
means perfect they do however reflect the best compromise pos- 
sible in the given situation and under the temporal and finan- 


cial restraints of the experiment. 


CHAPTER IV 


RESULTS AND DISCUSSION 


Dependent Variables 


Four dependent variables were analyzed using two and three 
way analyses of variance with the Tukey test employed for post 
neewanalyeis. Pollowing ic a Driver summary er those variablec 
and their possible significance. 

Ihe £irst Variable examined was referred to as slope, Tu 
is a measurement of force applied (measured in mm of pen dis- 
placement) over time (measured in seconds). This is 4 measure- 
Nemy Or averace velocity and as euch prevides am amdicayrom ©1 
tie wtemporal Organization Of ume Muscular responce, Thie vari— 
able Was examined both bevween trials and bevween sroupe. 

ie wsecoud vargaple sxamimed ts fererred) FO do tiles Wo peak. 
Ths 2S a measuremens (in Seconds) of the time taken from the 
PoOlmpsOn Secure pickup, Tull the Domnt Of maximally applied 
Pounce. hie variable allows sole diuscisccron Of Varmeuleos mi 
Foyle Or pracoing., thay io, Was tie @racp Ponce cautious Cor 
gahety Conechous 26 im the @racp mefttex (iwatewell, 1905) ) ox 
confident (as expected in a precise, predictive response (Hal- 
verson, 1931))? Again this variable was examined between trials 
and between groups. 

Tne third yariabile analyzed 16 referred wo as peak pres- 
sure. This is a measurement (in mm of pen deflection) of the 
maximum initial force applied. (The word pressure is used as 
the transducer actually measured Changes in the internal pres- 


Sure of the object. That pressure change hewever was whe re- 
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sult Of force applied by the subject to She objecy. The two 
terms; for the purposes of this investigation, Gan be used syn- 
enomously.) Thies variable provides an indication of the pred e- 
tive quality of the motor behaviour. Peak pressure was analyzed 
between trials and between groups. 

ime Hourvh dependeny variable is referred tio as the poss 
peak interval(s). This variable was measured in terms of the 
degree of pen deflection atu specitic time) periods (.2,° shy 9.6, 
“oy 80, Ie seconds) Trolvowinge the avuainmen, of peak pressure. 
The post peak interval(s) allow the actual quality of the grasp 
to be examined (relative to the efficiency of force applied) 
OMceeimistial predvetave responses: Mave Deem made. This varivabie 
was examined (with repeated measures) between trials and between 
CTO UO srs 

inese four variables will be discussed an vurn end tne re- 
SURUCMOL BUNeT PR GeSpechive analyses provaded. (lhe Iamivayions 
Dilaced Upon Ghis Ssuudy by the darricul ies calazed im the or- 
deren Moresenuvaulon will be: resolved prior ice ume sd lscusecion, oF 
the remaining dependent variables. 
Slope 

The slope, or the ratio between pressure over time was 
examined using a two way ANOVA. (See table 1) No significant 
differences were found either between trials or between groups. 
No trends were readily apparent. (See figure 1) 
Between Groups (slope) 

inewlack (of Siloniticant diiterences Weprecn, groups (ls Or 
some interest. It suggests that each age group employed simi- 


lar strategies in the application of force, no matter how much 
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Sources On Variation 


Between Subjects 
"A' Main Effects 


subjects Within Groups 


Within subjecvs 
'B! Main Effects 
TAxB' Interaction 


‘el Xe cuby Within Groups 


Table 1 
CROUDS: VS. imeacess 
SLOPE 
Sis DF MS F 
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force was actually applied, or how much time was taken to apply 
thnaweterce. The velocity or force application was relatively 
Simtlar for all groups. <Any differences in the amount of force 
actually applied then cannot be attributed to different styles 
Of ferce production. Gt does lend itself to the suggestion that 
any C@iterences 1n peak force applicatvon might be due to slower 
error corrections, slower braking responses or different levels 
Of anticipated or acceptable grasping forces. As the time to 
peak pressures tor all groups was very brief, around 300 msec on 
average, une latter explanation is Jikely the most probable al - 
though thie influence of the prior two Suszestions Cannot be dic- 
counted entirely. 
Tm Cr yO ur eek 

iwoo way analysis Of Vaervatce was cmploOvyed wo discover 
any sreniticant Ciiierences beuween groups Or Uriale on une: mea— 
sure time to peak. (See table 2) The analysis revealed signi- 
fieenwedmitercnces between groups (Ho = 35029, dt = 3) p —702) 
Snomperween Uuriale (F = i2.12, dt =" 3:9) =1.00) 2) Post Noe anal- 
Vomsuuisrioa lune Mikey Gesu Deveavec™ sient team Gilt svencec ay 
phew. >) bevel -Or SSieni ti cancer peuweem Ulews Vear Old eeroup and 
che srand 2 year Old eroups. There wege No other Gieniticant 
group differences. Using the same post hoc testing procedure 
Significant differences at the .0> level of confidence were 
founds between urial 1 and all eubsecuenm tridic, 2, 3. end 2. 
Between Groups (time to peak 

As noted there were significant differences between the 
5 year old and 3 and 4 year old groups, the 5 year old group 


taking significantly longer to reach peak pressure. (See fig- 
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ure 2) This is a difficult difference to account for as it may 
Simply reflect a more cautious approach to the task than. the 
younger children. The older children were also more concerned 
with the instruction to grasp the object "in the middle". This 
may have led to a slightly longer contact time before pickup 
began, an occurance which would have led to an overestimation 
or their actual ltime to peak. Ib is imteresting to note that 
this difference was not enough to create any Significany dif- 
Mesem@ce: in. Sone, 
Between Trials (time to peak) 

ihe. cme uo peak Tor trial wae slenitieanuls loneer daan 
any subsequent trial. (See figures 3, 4, 5 and 6) The trend 
bor tall -sroups was fOr a shorter period of time to peak, for 
each suceessive trial, his ftindine would 2ppear TO indicarve 
ViatmOn ume Initial trial 2 morercauLlous a2pplicatwvon of force 
Wasmmade — that 1s force was applied tor a longer period of Gime 
im order Lo ensure that whe bask was Successfully acconplished. 
Withm each successive trial, this; factor became increasingly esis 
importbana. Lie Significant ditierence beuwecn Goal | and Trad 
2 suggests that a great deal of information was gleaned from 
Diem oak brie! and Ghabe tos Lenporal Oreanuzavvon sof, the 
gragping response was rapidly and significantly alvered, his 
trend oward increasing eCiiiciemcy conuimued Over slcccseivc 
trials pus ab a Mom-Clenitveant rave. “Thaw Gils operand au omed 
trend of the temporal aspects of the grasp response was) similar 
for all age groups suggests that this aspect of motor control is 
well established by age 3. It should be noted as well that the 


increased time to peak for the initial trial is possibly indica- 
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tive of the temporal organizational style which typifies the 
grasp reflex. This suggestion is made as the undifferentiated 
response of the reflex is very much weighted in terms of force 
im a “betver LOO Much than too jittle" eittation, force deine 
applted quickly and strongly. In no inetance wac too little 
force applied, and the very conservative time to peak on the 
iMittieal trial may indicate the "saréty first” Inftivence of the 
grasp reflex, an influence which obviously loads the response 
for success. This notion gains added strength since the veloci- 
ty Of force application (slope) remained relatively constant. 
Peak Pressure 

A two way analysis of variance was employed to discover 
the existance of any Significant differences between groups on 
trials in terms of the peak pressure measure. (See table 3) 
The analysis revealed a significant ditference between groups 
(ie afoot = 3, p< 2000). Pirosu moc pamal yc ica ciao 
IMIse yauesuerevesled sSlenii teen edi! Vercice same lew. 0 |e evo! 
between the adult group and the 9 and 4 year old groups and 
between the 5 year olds and the 3 and 4 year old groups. The 
differences between the adults and 5 year olds is barely non- 
Significant at the .05 level. (Fes (508, dro = 35 p 2 <67) 
Between Trials 

No significant differences were found betweem trials. 
(See figures 3, 4, 5 and 6) This is a somewhat surprising find- 
ing as it Suggests that, in terms of the amount of force ap= 
plied, that no significant changes in effiicrency occurred. In 
lienp ef the findings of Gime vo peak it would appear that re- 


latively the same amount of force was applied from triel to 
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ENOVA- Sor Groups ve. 
PEAK PRESSURE 


SbOuUrce of Variation 


Between Subjects 
TAY Main Errects 
Subjecus Within Groups 


Within Subjects 

io Metin tt rects 

'A*B!t Interaction 

"EY X2oud). Wachin Groups 
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trial, only the time taken to apply that force differed in any 
Significant way. When looking at the cell means for each fearon eye lier; 
NO trends are apparent except im the case of the adult group 
where the results for the 3rd and 4th trials are markedly in- 
Proved over the Tire two trials. (See figure 6) This sug- 
gests that for the adult group some learning is occurring after 
two trials and that the amount of pressure being applied is be- 
COMing Inereasinely precise. This trend must be discuseed wigh 
Some caution however due to the limited number of trials report- 
ede uo Canyon De Stadued (mau this trend Would mot apecar for 
UemOunerrwase proups aicer a greater number of @riale. Whe 
trend does at least suggest however, that the adult group dis- 
played MOre €Liiciens error Correction, perhaps: due to 4) more 
bvenly Geveloped schema, This in turn “SugsesuSe 2 tact achievye— 
ment of minimal capacity demands at the task. It must be empha- 
SZee however bat Unis is, Only am acerpretamion Of appearen. 
iMeewes, WOu OF Statesuucally <teniticane Cliterences Uncovered 
by the analysis of variance. 
Between Groups 

Pods hoe analysis trevealed Significant ditterences between 
the 3 and 4 year old groups compared to the 5 year old and adult 
groups. The younger children recorded significantly higher peak 
pressures over all trials. The trend apparent was for relative- 
ly little difference between the two younger groups with the 
adults generally performing better than the 5 year old groups. 
(See freure 7) There appears to be a large developmental jump 
between the ages of 4 and 5 with a smaller non-significant im- 


provement between age 5 and adulthood. The intriguing findane 
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is the large increase in performance between the ages of 4 and 
ae lt,has been postulated previously that increases in the 
amount and variability of grasping experiences might lead to 
improved motor performance subsequent to the refinement of the 
sclema controlling those movements. (Schmidt, 1976) Im Ligh: 
SCTPuNts,. he tact thay wthees year obds were sell enrolled tin 
public school kindergarten while none of the 4 year olds were, 
gains added Significance. As many of the activities associated 
with kindergarten are fine motor prehensive in type (scissor 
€uuoing, scrayoning, painting, etc. ), it Gould bessuccested that 
ives Gias 1werease in Bietamount and variability of ‘erasping 
experiences that Gs 'thert cause or the ditrerences 1m periormance 
noted in this experiment. These differences could not be attri- 
buGed tO difterent types or forms of grips employed as ail sub= 
Feeucs,sresardless Of age, Made Use Ore iie pincer type crip.) 2 it 
Ee however an unproven assumpvion that there is a large increase 
MinyneomemMouns and yarlabib py wot esraspunemtexDericnCes tt Ore micc.s 
subjects upon entering kindergarten, an assumption that pre- 
eltides proot of a causal relationship. It is however a Logical 
assumption and therefore lends some credence to the suggestion 
OEecauses 

br tbhe init iealin “applied peak pressure 1s woken as va measure 
Ohethewanticipation of the required force, Ge is apparcua they 
the 5 year old group is definitely superior to the younger chil- 
Gren anetie quality of Uneir aniicipauion. (See figure 7) 
Whether this increased quality is due to a more precise know- 
ledge of the environment, a more accurate motor control system 


brecome combination of the Uwo 16 Nov e€é@eily discerned. sin vall 
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Jikelahood 1% is some) combination of the two. factors. (Bower, 
107 On) .8 178) )~ The knowledge. that. this initaal pressure 16 nov 
modified after a number of trials does suggest that the differ-= 
ence is due to different perceptions of what is an appropriate 
enOuUnte of force required) to, hold the object. Slt, would appear 
thaw for each Of whe mon-adult groups, thats ime inatial eaniaci- 
Ppepions oe force! is sutiicrentily accurave, but.» biab wan inercsac= 
ing ape a more eificiens understanding of what force as adequate 
fOorpeoracpine Weveloos..» Mhevadulis! antaicipata cone: tien maton 
thear expectations but Une quadity Of Uneir expecta bions: is re- 
PonedytOrallow preacveriwracpinge cificiemey.,. Mt ie crucial to 
understand that this measurement was not an indication of the 
potential quality of the child's grasp but rather of the mormal 
fume PHOnine GQualiuy Of the Child. As such ilu Sugsests: thay 
VOU ern children heye:awarver lPaniwidmiy Ot Nerror Bn Gecins <r 
eraspineg force.) They do ou expect objects GO Weigh more than 
they actually, do buy rather expect, tiaw whey meed More a orce Go 
sulccesctuliy manipulate vune Object, thans  heyeacwual ly require. 
MisedOcsunot Chance over trials. Ihe deitorence when ie dikely 
ime the: duality of the grasp, Jtiself in terns of abs efficiency. 
The year old is simply more efficient av gracping than the 4 
year old, an efficiency that implies both a betver knowledge of 
the environment and am ability to manipulace at. Inemeased ici - 
ficiency should equate well with less error and therefore less 
necd for error correctiom end theretore a reduced demand for 
channel capacity during normal functioning. If increased ef- 
ficiency results from the accumulated corrections of errors 


leading to the refinement of a highly accurate 6chena, amd ar 
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the correction of error requires the use of channel capacity as 
the child strives to reduce that environmental uncertainty, then 
the attainment of more efficient behaviour should reflect lower 
channel capacity demands, even during normal functioning at the 
auvonomous Level of skill acquisition. The adult then, opera- 
ting with a highly developed schema, also demonstrates the most 
efficient grasping and therefore has effectively minimized the 
capacity demands required of grasping in the normal functioning 
SsitUabpon, ulus freeing a maximal amount of capacisy for ocuher 
veces. his €fticiency should not only be reflected in the an-— 
ticipatory aspects of the grasp - time to peak and peak pressure 
DUGeimewie accuracy Ol pune eracp followin, the initial wraso, 
ipie aspecu Will be analyzed by Studyine post peak amterval. 
POsua: cak inverval 

A three way ANOVA with repeated measures was employed to 
GuscOver pany ClilTerences 1 Orce applicautous peuween Prope and 
over trials at peak pressure and six subsequent (.2 second) post 
peak intervals. (See table 4) Significant differences were 
found between groups and between post peak intervals. Post hoc 
analysis employing the Tukey test found significant differences 
at the 201 level of confidence between the 3 and 4 year old 
eroups and the 5 year old and adult groups, wivn meither pairing 
Siemiricantly difterent trom each other. Ihe same post noc enal-= 
ysis of the post peak intervals indicated significant differenc- 
es (at the .01 level of confidence) between the peak pressure 
and all subsequent intervals, between the .2 second interval and 
all subsequent intervals, between the .4 second interval and the 


.8, 1.0 and 1.2 second intervals and between the .6 second inter- 
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Veleand) thes |.0 and »|.2esecond intervale, ~The peak anverval (0 
seconds) was the highest level recorded. 

All groups displayed the same form of grasping in terms of 
the temporal organization of force reduction following peak pres- 
sure. (See figure 7) A very fast reduction is evident between 
peak pressure and the .4 second interval as evidenced by the sig- 
nificant differences between adjacent intervals at peak pressure 
and sc seconds. The decrease Continues, but more slowly between 
tme wz .and’ 2.6 second interval as sienificant differences now ap- 
Dear ave .4 Second in vervals. eihe force reduction tie essentially 
levelled off by .8 seconds as no significant differences between 
Subsequent inbervals appear at this point although the trend ic 
Len aeCOnUlLiued Very, craduals reduction i) Lorce.) era cure iy pre= 
Vides an indication of the differences between initial force and 
gbnes evel of Porcée with which the objecs was. eéventually held. 

ine basic form Of "erasp 10m wall scroups was) vo apply some 
excess amounb of Porce and then quickly reduce thaw force to. 4 
more acceptable level. ihe older the @roup, as we have seen, 
the lower ‘both the initial force and the subsequent corrections. 
be would suggest that for grasping in normal Punetioning that a 
Certain anmount Of errors is Dui LU in thewerasp iLuselt in perms Of 
the initial applied pressure. This system lowers the possibi- 
iipy Of tailed grasping due vo Yoo laurie force being applied. 
Neaam che ‘safety firsi! iniluence of the grasp reflex ean, be 
seen here. As prehensive behaviour becomes more differentiated 
it. appears to bear the imprint still of 1ts progenator.. In.pi- 
lot studies with adult subjects when asked to pick up the objects 


With greay care this form of grasping disappeared almost com- 
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prevely, particularly atter tie firen trial, “Im Geo suead a very 
PRecise-anvicipation was made with minimal error. This effort 
Fequamed je 200d ™deal Of concentration and was MOr typical oF 
mormal prehensive pehaviours. Ihe normal form of gracoime can 
De modiived vierefore buG mou WithouLy une Imvemy to do so. = Ihe 
error creation/correction during normal functioning would appear 
to de ay a) subp=conscious Mevel. All adult subjects were asked, 
TolVowing their respective test sessions whetner or not they had 
hela tie objects more or less forcefully during any sor between 
any turtals. No subjects reported any noticeable differences and 
iideetd Were GUvivle Surprised Go sée their resul¢s andaicaging 
Pile te COs Usohetty Terror COL ec ULOle . 

Perhaps MOPre important tO Nove Mowever Ls the sSimilarigy 
im norm between the age groups. Ths behaviour 19 invriguang 
ase eG ts nou all Ssamilar To ute behaviour Teportved by Bower 
(1973) for 16 month olds. “We reported essentially no error fol- 
Dowie: one trial with am Object. Bower edocs mou specity whas 
Peyolmor Loree Was accepUabDwe Wo De Telermred UO as error tree 
mentioning only that "a minimum pressure necessary to hold each 
object was determined empirically" (p. B55 Ta Swlnehe weserd aire lokenel 
Deen set too high his resulivs may Nave been due To a2 Tack or 
Beneitivicy rauher than the qualiuy ef grasping of ole ianfanys. 
indeed. 1 the sencvuiviuy Of The Instruments Used 1m Unis ex- 
periment had been set so that tie criverlon Drecsime tom meacuce— 
ment was that of the mean peak pressure of the 3 year old group 
the resultant analysis would have agreed entirely with the ear- 
lier findings of Monoud and Bower. This was not the case how- 


aver and the limited results of this experameny are therefore 
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in strong disagreement with Bower and Monoud's findings. 
Between Groups 

The significant difference between the 4 and 5 year old 
groups confirmed that the difference noted in the ANOVA for peak 
pressure continued across the post peak intervals. (See figures 
Oe? 10, 11, and 12)) Whe Wditrerence an quality of grasp be= 
tween groups did notsdiminish in the intervals after peak forces 
Were applied, the subsequent reductions of force being sifalar 
Porrallyeroupes. | Unce again the argument that the apparans jump 
in prehensive quality between ages 4 and 5 is due to the as- 
sumed large increase in prehensive experiences can be made. As 
well the suggestion that children operating at a lower level of 
PreWensive quality will°require more capacity! to periorm some 
Speci mre acu Ke reintorced here. 

Demands On capacity are Mow due Do emcee the esta plusnmen, 
Of anew Style or Porm “Ol premensr1on as in ac) apparcny Ghay vuiecse 
Remain Gutoe consuant over all the age esrouvs westec.  BMiere is 
However 4 Sieniricany wnerease an Gualivy Jor vie grasp ae mea— 
Sured in terms of applied Porce over the ecnuire response. Wath- 
ine te perspective "ol Milic Lhesis thts wnerease In quality te am 
indpeacion of 42 MOorescxact movory scheme. dhav as, whe seu or 
Cognvuive rules governing the force production aspecus of pre= 
Heneion has been modified Ghrough extensive ‘and varied experi — 
enee to allow the praduval refinement of a more precise and eifi- 
cient response. The process of developing that motor schema re- 
quires the use of some processing capacity, the actual amount 
decreasing as the behaviour reaches a mature state. The per- 


centage of capacity involved in the development of fine prehen- 
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sive quality is not presumed to be large. For the normally 
PUulewloning child this small loss of processing capaciiy vo 
prehemsive development ig likely of mo eréat Signiticance to 
development as a whole. The loss of capacity would be of grea- 
ter import however to an individual whose total processing ca- 
pacity was limited. 
ipiale and Group Inveraction 

No significant differences were found between trials and 
apare irom tne adulv group mo trends were evident: A definive 
wrend GO reduced initial. pressures tollowine two trials was no- 
Ved among the adult sroug buy mo trial Dy group anveracuion was 
uncovered in the ANOVA. There is a strong possibility that a 
Gype Wl error exists bere. “The power of the analysis was greap- 
invereduced by the variabiliuy in periormance denonctraved by une 
youmger subjects. While Doth expected and unavoidable, whe 
Variabiliny is CXtéCnsive enougn GO Mas any, poss OMe Giiter= 
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CHAPTER V 


CONCLUSIONS 


Within the iconstraintvs and limitatione of this thesis the 


following conclusions can be drawn in reference to the previous- 


ly stated hypotheses. 


ale 


The basic form of the grasp response in terms of 
the temporal organization of force application 
was essentially the same for all age groups. 
Normal prehensive functioning appears to involve 
a deliberate error/correction sequence. The 
bine Over Whleh the force Ts aiitial ly opolied 
and the velocity (Slope) of Horce applicasion 
are Pou SLenitrcantiy Wi erereny Pe vneem ace 
eroups. Ihe actual form sugeesivs one tori 
ence of Une-erasp retle« a5 The penaviour"s 
Offi, 26 dlirerentataon Lol lows ua. cousns— 
hentia; overly =1Oncen Ul Wile wiea) Rares. | isos 
similar tO tne Orsenazaui10n Of Tie grasp ye- 
flex in that sateuy or success is emphasized 
timouch Unditferentiavedt Loreetane Puce yuo. 
Older age groups demonstrated more skillful 
behaviour as the initial amount of force ap- 
plied decreased with age. This developmental 
frend Was Sighificant beuween tic ases of 4 and 
5 stegesting the possibility of some environ- 
mental influence. The wide variety of prehen- 


sive experiences associated with the beginning 
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of schooling was Ssubmitved as a possible envig 
ronmental ini iwence. “his would pel conerien: 
wi Une chmid ts seo )e variability of foreeuice 
hypothesis. 

3. No significant differences were found for any 

group in terms of peak pressure reductions 
Over trials althourh) the adulh group “did. de- 
MoOnsuiave a eiinive. blend. Ine view ciamcec pwon. 
This was not expected and may be due to the 
relatively smal inumober sor sirdadie undervalen. 

Overakis the results indicate an increase in the qualaty of 
force application with increasing age, a developmental trend 
NOG Supeesucd Hrevicously Gn the Liverature., Ihe poserbpi lity of 
Cie older ichuskd) Navies Wore ace: Claine Imcea vac gaya blable ras 
demore robustueschema is developed which allows more eriievens 
Drehencion 2S suecesved as! welll The surene “niluence of the 
environment in the development of that skilled behaviour is 
abso stronely suggested, av east anuutuively. by sie increase 
ineskill Leyel associated, with wie advent Of Zora Schooling. 

thie dnvestd ga vion Uncovers wuUG a smal portion of Une 
mouor development of children hitherto unexplored. The meed uo 
better understand the interactions of the development of skill 
quality and development of the individual as a whole remains 
however. The dynamic interactions of motor development with the 
development of the individual need to be understood before tru- 
ly adequate and efficient strategies can be designed to assist 
that development, where assistance is needed, as well as to rec- 


ognize and diagnose those individuals in need of that aid. 
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During the creation of equipment, the testing of subjects, 
and) phe analysts ot data,sa number of Catficulities arose that 
further research could greatly alleviate. A number of the more 
substantial and unanswered questions and problems are presented 
ene hod Lonmin. inet. 

1. What are the actual effects of verbal instruc- 

tions on the motor behaviour of children and 

adults? Do children of different ages respond 
dep lerently GoOrcimivar Ans pruchLone Cue toe ait = 
ferenu percepulons Of une Meaning of whe words 

SUO-LOseCly 

ee  onOuld the ratio or band Size TO Objeeu sine 

be Kepe coms isuen.. “De tehenges 2h Lims rare 

aiiecy wWhau 126) Medcurea as MOrmal eraspineg 
oneen 

Oe We ditterences in Goce alacnmenusot shoulder, 

elbow and wrist between individuals of varying 
sages Nave am Cilect om the force Used TO eracgp 
an OUUec ue) CoM USO lt mCiilyy se saiise Vara ved, 
varcUgm a striculy controled and measured 
placement of test objects? 

Te PUurpher testamea would Demereawl y aided soy: 

a. whe Creavwon oreay Pescanen Cec ven wh Lem 
would allover cit laren sco De ves Ved Onma 
greater number of trials with a greater 
number Of Ob Vecus. 
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would allow the testing of younger subjects 
WILN acCecUracy. and Comet cuanmcy. 
©. whe development of tést objects which would 
allow precise measurement of grasping forces 
While Not requiring specialized ineiruetions 
to direct behaviour. 
i further research Gn) unis ares 16, to bevundertakcen, 
these concerns mist be deally with in order TO allow a more 


Compleve Understanding of development and Gevelopmental pro- 
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APPANDLX A 


ORDER OF PRESENTATION 


Objects were presented to subjects in one of two ordera, 
either =tromn small to laree or from large to small. “The ingens 
was to discover whether experience with an object would lead to 
mone =svulled or efficieny force application on subeeqwens objeccs 


Pelaved in Size, weight and shape. This relationship was one of 


findings reported by Monoud & Bower (1972). Upon analysis of 
the raw data a major problem soon became evident. The younger 
Ciitorenae paruLculearive une 9 wand 4 year wilds had concisuenuly 
tailed to grasp tne Smaller cbiech mearm ives cenyre, This form 
of behaviour was consistent with notes made during testing which 
imdicaved thay the smaller object was Gypoically grasped near ive 
end. wincm resulled 11 Meh iy “swe piel ous, Umaoines anc. wie seven— 
wual abandonment ses one data dealing with whe small objec yu. No 
such problem arose with the large Object, Leaving only the pos-— 
Subbed hy OL examining uae ertecu, Of handling une Varce ebyecy 
afuer eraspane the small object. This was the only order on 
Presentation efrect that could be measured. The resulvs for 
each order of presentation subgroup were then compared in terms 
of their peak pressures, time to peak pressure, and their slope 
to peak pressure. T tests were employed to find the significance 
of the difference between the means computed for the two sub- 
groups in each of the 4 age groups. No Suen Cuca ur Cd bine ietCce> 
in grasping behaviour were found for these dependent variables 
for any age group on any trial with one exception. For the 3 


year old group, the mean peak pressure for tie siall vo) Large 
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presentation order suberoup was found to be sienificantly Larger 

ONeL Ne OuUrt neural a hhc iimebare by (Gee .e. 37, die ou O> = 2. CON). 
he MO OUuner digterences were Pound on any ouner trial) and i426 no 
trend was readily apparent that would indicate consistent dif- 
REPenGces Deuween LMe wwo Presenlation order subereupe, tiic dit- 
herence was treated as am anomoly and now indicative of any ma- 

FOES Citecy Of Ene Order cl presenvuation. Mm all turtiver analyeis 


GiemewOeTOUuSs Were COMA DSedmand Ereawetmac sae wilole. 
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